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Editorials 


Does 1+ 1 = 2? 


Edmond I. Eger, mp 


Key Words: POTENCY, ANESTHETIC: 
enflurane—nitrous oxide. ANESTHETICS, 
VOLATILE: enflurane. ANESTHETICS, Gases, nitrous 
oxide. INTERACTIONS (DRUG), 
ENFLURANE—nitrous oxide. 


The “unitary theory of narcosis” asserts that all 
anesthetics act in the same way, a characteristic 
attractive to those of simple mind (e.g., this editori- 
alist) who prefer simplicity to complexity, order to 
chaos. The unitary theory requires an identity of 
action at a molecular level. One test of its validity is 
additivity: Is the sum of the effect of two anesthetics 
given concurrently the same as the effect of the 
individual anesthetics? For example, does half MAC 
of.one agent plus a half MAC of another agent 
produce the same effect as one MAC of either agent? 
If it does, then the unitary theory is supported. If it 
does not, if for example, three-quarters of a MAC of 
one agent must be added to three-quarters of another 
to produce the same effect as one MAC of either, then 
the unitary theory is compromised. 

The data reported by Cole, Kalichman, and Sha- 
piro (“The Nonlinear Contribution of Nitrous Oxide 
(N-O) at Sub-MAC Concentrations to Enflurane 
MAC in Rats”) in this issue of the Journal have been 
interpreted to indicate a nonadditive effect of the 
combination of N,O and enflurane (1). The basis for 
their argument may be seen in Figure 2 of that article. 
Regression analysis for the enflurane MAC values 
associated with the three smallest concentrations of 
N-O (0%, 10%, and 30%) produces a line that lies 
under all enflurane MAC values for the remaining 
three concentrations (60%, 70%, and 80%). Further- 
more, the line intercepts the abscissa at 150% (of an 
atmosphere) NO, a partial pressure that might be 
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predicted to be the MAC of NO in rats. The predic- 
tion that MAC is 150% is based, in part, on the 
“predictable” ratio of MAC in rats to MAC in humans 
(2). The prediction also is supported by the results 
from the study by Di Fazio et al., who obtained an 
estimate of 136% N-O (3). 

I prefer, however, an alternative interpretation 
that diametrically differs from that provided by Cole, 
Kalichman, and Shapiro: I would argue that the data 
do support the notion that the effects of inhaled 
anesthetics are additive. There are three parts to my 
argument. 

First, Cole, Kalichman, and Shapiro arbitrarily 
selected the smallest three values of N,O and the 
associated enflurane MAC values for their regression 
analysis. They obtained a very good correlation for 
this relationship and noted that the points for the 
greater NO values lie above the line defined by this 
correlation. | also have made this calculation for the 
average values for the three smallest (N,Q) pairs from 
their Table 2 and find an R? (adjusted) of 97.9%. 
However, this correlation is no better than the corre- 
lation for the five pairs that exclude the value for 30% 
N,O. The R (adjusted) for the five pairs is 98.6%. My 
inclination would be to accept more than fewer data 
in any analysis, particularly when the correlation is 
not impaired by such acceptance! It would seem 
likely to me that “outliers” are in the values for 30% 
NO rather tnan in the values for 60%, 70%, and 80%. 
Given the smallness of the changes in enflurane MAC 
(the maximum change [32% of the MAC without 
N-OJ] was produced by 80% NO) and given that 
some variability exists in MAC (6.5% of the MAC 
value for the data in the Cole study), it is not 
surprising that one of six values with NO differed a 
bit from the prediction given by regression through 
the other va_ues. Furthermore, the focus by Cole et 
al. on the 10% and 30% points may be unfortunate, 
because suca data are usually more variable and 
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uncertain than data extended further out on a dose- 
response curve. 

Second, no one has determined the MAC for N,O 
for rats. The argument that 150% is a reasonable 
value may be valid, but the argument is based on 
extrapolations from two studies, not on actual deter- 
minations. Extrapolations from data produced in 
other studies give higher values. For monkeys a value 
of 200% was obtained (4); for cats the value was 255% 
(4). More important, the data from the study by 
Wolfson et al. in rats (the animals used by Cole et al.) 
give an extrapolated value of 217% for the MAC of 
N,O (5). MAC has been directly determined in two 
species: the dog (190%) (6) and mouse (275%) (7). 
These results suggest that a MAC value considerably 
greater than 150% would not be unreasonable. Ex- 
trapolation of the line defined by the regression for 
the data given by Cole, Kalichman, and Shapiro for 
all pairs except the pair associated with 30% N,O gives a 
MAC of 239%. 

Third, data do exist for the additivity of N,O and 
enflurane in humans (8). These data include data for 
MAC for NO (9) alone and enflurane alone (10). The 
results show simple additivity. One might ask why 
rats should differ in this respect from humans. 

However interesting, the data presented by Cole, 
Kalichman, and Shapiro do not necessarily document 
a nonadditive effect for inhaled anesthetics. Such 
documentation would require a direct determination 
of the MAC of NO, not a determination by extrapo- 
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lation. Absent such a determination, I shall continue 
to believe that 1 + 1 = 2. 
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The Long and the Short of Conduction Blcck 


B. Raymond Fink, Mp 


Key Words: ANESTHETICS, LOCAL: lidocaine, 
mode of action. NERVE, AXONAL BLOCKADE. 


Progress in the science of anesthesiology increasingly 
depends on the efforts of scientists trained in the 
fundamental medical sciences. Nowhere is this prog- 
ress more evident than in neuropharmacology, the 
bedrock of the specialty. The article in this issue by 
Raymond et al. (1) is a very good example; it is 
provocative with new information and corrective of 
some old. 

The first lesson demonstrated by Raymond and 
coworkers (1) concerns the minimum length of nerve 
fiber that needs to be exposed to anesthetic when one 
is to achieve conduction block. They show in one 
myelinated axon at a time that in low concentrations 
of anesthetic this length bears an inverse relation to 
the concentration, a relation that agrees with what 
Fink and Cairns (2) had deduced from other research. 
Raymond et al. (1), however, rightly point out that 
Fink and Cairns’ interpretation was marred by a 
confusing semantic error that blunted the impact of 
their data and conclusion. The contribution by Ray- 
mond et al. (1) goes far beyond mere confirmation; it 
introduces important original information on the lim- 
its of the relation and in the process brings to general 
attention the long forgotten phenomenon of block by 
decremental conduction. 

Decremental conduction has been investigated 
and neglected more than once. As first described in 
1881 by Szpilman and Luchsinger (cited in Reference 
3), it occurred in a partially narcotized length of nerve 
and attracted much interest because it seemed to 
contravene the norm of “‘all-or-none’’ impulse con- 
duction. We now know that in the partially anesthet- 
ized region the active response at one node of Ran- 
vier initiates at the next node only an impulse of 
smaller magnitude. Consequently, the impulse and 
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the speed oZ conduction progressively decrease dur- 
ing propaga-ion and may eventually be extinguished. 
After the “ail-or-none” character of conduction in 
normal axons was proved, arguments about decre- 
mental conduction subsided until Lorente de Nó and 
Condouris (3) proved its presence in the compound 
action potential (CAP) of myelinated A-fibers ex- 
posed to 2 and 4 mM procaine. This evidence did not 
receive recoznition in textbooks (4,5), however, per- 
haps because decremental conduction resists direct 
experimental demonstration in individual axons; it is 
as yet technically impractical to measure the current 
at a success:on of nodes in one and the same fiber. 
But Condouris et al. (6) have modeled it mathemati- 
cally in froz myelinated axon with the aid of a 
computer using Hodgkin and Huxley’s equations 
suitably modified for frog nodes of Ranvier. Simula- 
tion of the effect of tetrodotoxin (TTX) demonstrated 
that a 74% cepression of sodium conductance yields 
an impulse that decrements in amplitude at succes- 
sive nodes until conduction is extinguished (Figure 
1); the simulation for lidocaine, a drug that produces 
combined depression both of sodium and potassium 
conductances, yielded a more gradually decrement- 
ing conduction. However, there is little potassium 
conductance at mammalian nodes (7) so the TTX 
simulation is perhaps more germane to the effect of 
lidocaine or mammalian axons than the Condouris 
(6) simulaticn of the action of lidocaine. 
Decremental conduction was overlooked in anes- 
thesiology until a benchmark review by Raymond 
and Gissen (8) drew attention to its impact on the 
length of axon needing exposure to anesthetic and to 
the lack of experimental data on the subject. Anes- 
thesiological understanding has previously relied on 
Tasaki’s (9) -inding that with a high concentration of 
local anesthetic, three consecutive nodes must be 
inactivated to block conduction completely. Franz 
and Perry (1)) applied this principle to explain differ- 
ential block as a function of time and diffusion, the 
internodal distances being much greater in large than 
in small diameter myelinated axons. Raymond et al. 
(11) now present the first measurements on critical 
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Figure 1. Computer representation of decremental conduction 
from Condouris et al. (6). The effect of tetrodotoxin (TTX) on 
conduction characteristics of a mathematical model of myelinated 
axon was simulated by varying the sodium conductance (na). The 
model originally comprised 13 nodes of Ranvier at 2-mm intervals. 
Each point on the curves represents the peak of an action potential 
rising from the baseline. The magnitude of the residual yna is 
indicated beside each curve. Decrease of na to 60% of normal, 
equivalent to very weak local anesthetic, produced a small initial 
decrement of the impulse followed by uniform propagation 
through the remaining “anesthetized” nodes. With greater de- 
creases of &),, to 30% of normal, the decremental process contin- 
ued through an increasing number of nodes and with decrease to 
27% involved 10 nodes. The greatest decreases, to 26, 25, and 20% 
of normal, produced initially linear decrements that abruptly gave 
way to an exponential decline to baseline signifying block of 
conduction; the rate constant of the decline was the same for all 
three. (Reproduced by permission from J Pharmacol Exp Ther 
1976;196:740.) 


length at several low concentrations of lidocaine 
hydrochloride for individual frog A-fibers as well as 
for whole nerve CAPs. The measurements are not 
profuse because the technique is extremely arduous 
and exacting. The shortest measured critical lengths 
were 6-7 mm, and at these lengths the critical block- 
ing concentration of lidocaine varied between 1.2 and 
1.5 mmol/L. At the longest critical lengths measured, 
22-28 mm, the critical concentrations were 0.6-0.3 
mmol/L lower and ranged from 0.6-1.3 mmol/liter. 
These lengths fall within the range of anesthetic- 
bathed lengths of rabbit myelinated axons studied by 
Fink and Cairns (2), where the lidocaine EDs for a 
15-mm length of bathed nerve fiber was 0.6 mmol/L. 
The interpolated critical blocking concentration at this 
length in the Raymond et al. (11) study ranged from 
0.7-1.4 mmol/L and averaged nearly 1.2 mmol/L. This 
average suggests that the critical concentration in 
amphibian axons at 17°C was about twice as great as 
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that in mammalian axons at 37°C; neither series 
showed any correlation between blocking concentra- . 
tion and axonal size (as inferred from conduction ` 
velocity). 

The news from Raymond et al. (11) is comforting 
for anesthesiologists because it implies that a 1% 
lidocaine hydrochloride solution (approximately 36 
mmol/L) at the nerve fibers provides a large excess 
even at short infiltrated length, and that use of a 
weaker solution in the interest of safety can be 
compensated for up to a point by infiltrating a corre- 
spondingly greater length of nerve, although proba- 
bly at the price of a shorter effective duration of block. 

The second new and highly original feature in 
Raymond et al. (11) is the application of decremental 
conduction to explain the observed critical relation 
between exposed length of axon—the “‘limit length” 
as defined by Lorente de Nó and Condouris (3)—and 
local anesthetic concentration. In their view, the new 
evidence excludes the hypothesis presented by Fink 
and Cairns (2) that had hewed to the three node block 
interpretation. The latter hypothesis proposed that 
when bathed by a near EDs, concentration of local 
anesthetic, a length of nerve greater than the minimal 
three-node length will have to be exposed to the drug 
to assure block because the susceptibility to block 
may be assumed to differ somewhat from node to 
node. This hypothesis still seems tenable as an alter- 
native or complement to block by decremental con- 
duction. After the preliminary report by Raymond et 
al. (11), both hypotheses were applied to elucidate 
the segmental differential blocks encountered during 
axial blockade (12). 

Raymond et al. (11) give several reasons for re- 
jecting the Fink and Cairns (2) hypothesis without 
qualification. However, the uncertainties of the new 
observations—and hypothesis—should not be under- 
rated. The choice of hypotheses depends in part on 
the degree of variability of sensitivity to anesthetic 
from node to node in any one fiber. Raymond et al. 
(11) assume it to be negligible. However, the firing 
threshold of successive nodes has shown a nonuni- 
form variation of 50% over a 12-mm length of fiber 
containing eight nodes (13); in such an experiment, 
variability could have been due in part to a cause 
other than the change in relative positions of the 
nodes and electrode; that is, it could have been due to 
real differences in excitability. Short of measurements 
of the factor of safety in a series of consecutive nodes, 
which do not yet exist, the question presumably 
remains unanswered. Again, in support of axonal 
homogeneity, both of conduction safety and of sus- 
ceptibility to anesthetic, Raymond et al. (11) comment 
that they always observed “slight” increases in criti- 
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cal length with “slight” decreases in lidocaine con- 
centration and larger increases in critical length with 
larger decreases in concentration (1). However, this 
result is not what the curves in Figure 6 of their article 
suggest. In that figure, one sees several relatively 
large increases in critical length with “slight” de- 
creases in lidocaine concentration and one or more 
smaller increases in critical length with a relatively 
large increase in lidocaine concentration, tending to 
negate the proposed homogeneities. 

How well do the lidocaine data in the study agree 
with the Condouris (6) computed forecasts of decre- 
mental conduction block? Unfortunately, a compari- 
son is not possible because the published computed 
curves are available only for TTX. An experimental 
study of TTX in the Raymond (11) system will be of 
considerable interest. 

In brief, at this time the arguments for choosing 
between the two rival hypotheses or “images” do not 
appear compelling, and one may be safer in provi- 
sionally regarding them as mutually nonexclusive. 

In writing about the value of CAP depression as a 
measure of the incidence of conduction block, Ray- 
mond et al. (11) estimate that on the average their 
CAPs erred by 20%, confirming the well known fact 
that CAPs as a measure of block are not very reliable. 
Incidentally, their average value was the mean of 
three values, one of which amounted to 50%, or more 
than the supposed overestimate by Fink and Cairns 
(2). The perils of CAPs are illustrated by a rash 
remark in the work of Lorente de Nó and Condouris 
(3). Finding that decremental conduction of CAPs 
was caused by anesthetics as well as by decrease of 
sodium ions or increase in potassium ions, they 
commented: “Consequently it is impossible to accept 
any hypothesis, such as the Hodgkin-Huxley hypoth- 
esis, in which the magnitude of the nerve impulse is 
supposed to be directly determined by the concentra- 
tion of sodium and potassium ions outside the nerve 
fibers.” 

All of this in no way diminishes the importance of 
the latest study by Raymond and coworkers (11). It 
casts new light on the role in regional blockade of the 
length of nerve exposed to anesthetic. It places in 
limbo present ideas about Cm, the minimal concen- 
tration of local anesthetic necessary to block conduc- 
tion. Cm will henceforth have to be defined for a 
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standard lergth of axon. As mentioned by Raymond 
et al. (11), tkeir results do not exclude the possibility 
of producing a strongly differential block of pain by 
restricting the exposure length. This possibility is a 
very interesting point because the body may be doing 
just that when epidural blockade is performed with a 
low concentration of local anesthetic (12). We are 
surely destined to hear much more about decre- 
mental conduction block—as well as three-node 
block—now that Raymond and coworkers have per- 
suasively brought the concept of conduction with 
decrement to the attention of anesthesiologists. 
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Concentrations to Enflurane MAC in Rats 


Daniel J. Cole, mp,* Michael W. Kalichman, Php, and Harvey M. Shapiro, Mp 


COLE DJ, KALICHMAN MW, SHAPIRO HM. The 
nonlinear contribution of nitrous oxide at sub-MAC 
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The presumed linear relationship describing the contribu- 
tion of nitrous oxide (N O) to the enflurane requirement 
necessary to achieve a 1.0 MAC level of anesthesia was 
tested in rats (N = 84). Each rat received one of six different 
concentrations of N,O, and enflurane was adjusted to 
attain 1.0 MAC with the use of a standard tail clamp 
method. The resultant group MAC anesthetic concentra- 
tions were Group I-N,O = 0.0%, enflurane = 2.30%; 
Group H-N,0 = 10.4%, enflurane = 2.19%; Group 
IHi-N,O = 30.7%, enflurane = 1.85%; Group IV-N,O = 
61.8%, enflurane = 1.75%; Group V-N,0 = 70.9%, 
enflurane = 1.56%; and Group VI-N,O = 80.3%, en- 
flurane = 1.54%. Increasing the N,O concentration from 


MAC, a measure of inhalational anesthetic potency, 
was Originally defined as the “minimum alveolar 
concentration necessary to prevent purposeful move- 
ment in response to a painful stimulus” (1,2). Be- 
cause effective concentrations vary among individu- 
als, clinical evaluations of MAC are made by 
determining the concentration at which 50% of the 
individuals tested would not respond to a painful 
stimulus. The first MAC determinations were per- 
formed with single volatile anesthetic agents. Shortly 
after the original MAC studies, it was found that the 
addition of 70% nitrous oxide (N,O) reduced the 
halothane anesthetic requirement by 61% (3). Thus, 
the concept of additive MAC was introduced. 

The clinical consensus among anesthesiologists is 
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0-10%, from 30-60%, or 70-80% did not significantly 
decrease the enflurane requirement; however, increasing the 
N-O concentration from 10-30% or 60-70% produced a 
significant decrease (P < 0.05) in the concentration of 
enflurane required for 1.0 MAC of anesthesia. Thus, in 
rats, increasing the concentration of N,O in sub-MAC 
ranges did not produce a linear decrease in the enflurane 
concentration required to add up to 1.0 MAC of anesthesia. 
These results are consistent with a dose-dependent interac- 
tion between NO and the excitatory properties of en- 
flurane; this interaction could represent synergism at low 
concentrations or antagonism at higher concentration of 
NO. 


Key Words: POTENCY, ANESTHETIC: enflurane— 
nitrous oxide. ANESTHETICS, voLATILE: enflurane. 
ANESTHETICS, cases, nitrous oxide. 
INTERACTIONS (DRUG), ENFLURANE—nitrous 
oxide, 


that in humans, MAC for a volatile anesthetic linearly 
decreases by about 1% for each 1% of NO added to 
the inspiratory gases. This concept is supported by 
previous studies in which only one or two concentra- 
tions of NO were tested in a given study (3-7). Few 
studies have specifically evaluated this assumed lin- 
ear relationship between multiple concentrations of 
NO and the dose of an inhalational agent required to 
obtain 1.0 MAC of anesthesia (8-10). In studies where 
multiple concentrations of N,O were tested, the re- 
sults have not led to a consistent definition regarding 
the contribution of NO to MAC (8-10). In one study, 
Difazio et al. (8) observed that the combination of 
N-O and cyclopropane produced less of an effect 
than the sum of the individual anesthetic properties, 
suggesting a nonlinear antagonistic effect. We were 
unable to find any data on additive anesthetic prop- 
erties when N.O and enflurane were used in more 
than two combinations within a given study. In the 
present study, we determined the effect of six dif- 
ferent N,O concentrations on the enflurane require- 
ment to achieve MAC. 


CONTRIBUTIONS OF NITROUS OXIDE TO MAC 


Methods 


With prior approval by the Institutional Animal Stud- 
ies Subcommittee, male Sprague-Dawley rats (N = 
84) of similar ages and weights were separated into 
six equal groups corresponding to administered N,O 
concentrations of 0, 10, 30, 60, 70, and 80%. 

All studies were performed between 7:00 a.m. and 
3:00 p.m. Anesthesia was induced in a 2.5 liter 
plexiglass box with a fresh gas flow of 1.5 liter/minute 
consisting of a 50:50 ratio of oxygen and NO and 
3.0% enflurane. Each rat was then orotracheally in- 
tubated with use of the otoscope method and was 
mechanically ventilated with a Harvard Rodent ven- 
tilator at a frequency of 60 breaths/minute and a tidal 
volume of 10 ml/kg of body weight. After tracheal 
intubation, each rat was assigned one of the follow- 
ing anesthetic regimens: Group I-N,O = 0%, en- 
flurane = 2.4%; Group I-N3;O = 10%, enflurane = 
2.3%; Group IJ-N,O = 30%, enflurane = 2.0%; 
Group IV-N,O = 60%, enflurane = 1.8%; Group 
V-N,O = 70%, enflurane = 1.7%; and Group VI-N,O 
= 80%, enflurane = 1.7%. The initial enflurane 
concentration was based on pilot studies and was 
designed to be slightly above a predicted MAC. The 
N,O concentrations were also based on pilot studies 
and were designed to fall on that portion of the N,O 
dose-response curve with maximal slope. In groups 
LIV the inspired oxygen concentration was 40%, 
whereas in groups V and VI, the inspired oxygen 
concentration was 30 and 20%, respectively. With the 
aid of a surgical microscope, a femoral arterial cathe- 
ter was placed in each animal for continuous blood 
pressure monitoring. In preliminary studies, rats 
allowed to recover after placement of a femoral arte- 
rial catheter had good function of all limbs. The total 
preparation period was approximately 45 minutes 
after which at least 75 minutes elapsed during which 
the rat was not disturbed. The total anesthetic stabi- 
lization period was at least 120 minutes in all rats. 
Arterial blood gases were analyzed on a Radiometer”? 
blood gas analyzer using microsample technique 
(<100 ul). Hematocrit was determined by a DAMON/ 
IEC? micro hematocrit centrifuge and capillary 
reader, with use of microsample technique (25 jl). 
Temperature was monitored rectally (Yellow Springs 
Instruments?) and servo-controlled at 37°C with a 
heating pad. The ventilation system consisted of an 
endotracheal tube made of PE-240 tubing (approxi- 
mately 14-gauge) attached to inspiratory and expira- 
tory circuits via a three way Y-connector. A rubber 
plug with a leak free orifice was permanently placed 
at the central port of the three way Y-connector. 
Sampling of end-tidal gases (enflurane, N.O, and 
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carbon dioxide) was achieved by passing a lubricated 
20-gauge blunt needle through the plugged orifice of 
the central fort to the distal tip of the endotracheal 
tube. Gases were analyzed on-line by a Perkin-Elmer 
mass spectrometer with a sampling rate of 60 ml/ 
minute. Ducting sampling of end-tidal gases, the 
respiratory frequency was decreased to 40 breaths/ 
minute and she tidal volume was increased by 33%. 
This technique provided optimal sampling of end- 
tidal gases with little disturbance of ventilation as 
indicated by stable arterial blood gas measurements 
during spectrometer sampling. In addition, there was 
no dilution of end-tidal gases over the 1-minute 
sampling period as indicated by a constant quantita- 
tive level of 2nd-tidal gases. 

Equilibration of anesthetic gases was verified at the 
conclusion of the 120-minute stabilization period and 
following each anesthetic change. Equilibrium at each 
anesthetic level was defined as end-tidal samples of 
anesthetic gas(es) at 5-minute intervals that differed 
by less than 5% over a 20-minute period. Each sam- 
pling period was 1 minute in duration. MAC was 
determined utilizing the tail camp method (11). 
Briefly described, at the conclusion of each equilibra- 
tion period, the rat was stimulated near the base of 
the tail by applying a full length hemostat (20 cm) to 
the full ratch2t position. During a 60-second period of 
continuous movement of the hemostat, the rat was 
observed for the presence or absence of purposeful 
movement. Responses not qualifying as purposeful 
movements included a twitch, grimace, coughing, 
swallowing, stiffening, shivering, or a change in the 
respiratory pattern. The end-tidal enflurane concen- 
tration was increased by 10% if purposeful movement 
(negative drug effect) was elicited and was decreased 
by 10% in the absence of purposeful movement 
(positive drug effect). Before additional stimulation, 
equilibrium at the new enflurane concentration was 
verified as described before (a minimum of a 20- 
minute pericd). In each subsequent stimulation, the 
enflurane concentration was either increased or de- 
creased by an additional 10% increment until a 10% 
interval had been bracketed by a positive and a 
negative response. The midpoint of this last interval 
was then tested, and by this means the bracketed 
interval was narrowed to 5% of the original enflurane 
concentration. An additive MAC was then defined as 
the end-tida_ concentration of enflurane (and N,O) 
midway between the highest concentration of en- 
flurane with a positive response and lowest concen- 
tration of enflurane with a lack of a positive response. 
A group MAC for each N,O concentration was then 
determined by averaging the individual enflurane 
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Table 1. Measured Physiological Data (mean + sp) for Groups I-VI (N = 14) 


Group | Group I 
Age (days) 81.4 + 7.9 $5.2: 2.7 
Weight (g) 237.1 + 13.2 333.0 + 10.4 
pH (U) 7.42 + 0.04 7.42 + 0.02 
PaO, (mm Hg) 124.7 + 16.9 117.8 + 11.6 
PaCO, (mm Hg) 40.5 + 4.4 38.4 + 2.6 
End-tidal CO, 38.1 + 4.2 36.2 2.5 
(mm Hg) 
Hematocrit (%) 4443 44 +2 
Mean arterial pressure 87 + 5t 91-6 
(mm Hg) 
Study time (minutes) 167 + 13 167 + 13 


Group IHI Group IV Group V Group VI 
85.2 + 6.5 84.4 + 6.5 84.7 + 4.5 81.6 + 4.6 
326.3 + 11.6 330.9 + 15.7 333.6 + 14.2 325.4 + 1.9 
7.43 + 0.02 7.44 + 0.05 7.42 + 0.02 7.43 + 0.02 
130.4 + 14.4 129.5 + 17.6 95.4 + 3.2* 75.3 Ł 7.4* 
37.9 42.2 38.8 + 4.1 38.4 + 2.0 39.0 + 1.9 
gite a e. 36.2 + 3.8 35.8 + 2.0 36.8 + 1.9 
43 +2 45 +2 4442 44 +2 
96 + St 25 94 + 5t 94 + 7t 
167 + 17 171 + 20 174 + 12 175 18 


*Statistically significant difference between groups V, VI and other four gorups; and between group V and group VI (P < 0.05); tstatistically significant 


differnece between group I and groups III, V, and VI (P < 0.05). 


Table 2. Additive MAC Values (mean + sp) for Groups I-VI (N = 14) 


Group I Group II Group III Group IV Group V Group VI 
Enflurane 2.30 + 0.17 2.19 + 0.16 1.85 + 0.10 1.75 + 0.10 1.56 + 0.08 1.54 + 0.12 
N,O 0.00 10.4 + 0.3 30.7 + 0.5 61.8 + 0.8 71.0 + 0.5 


contributions to MAC (plus the average N,O concen- 
tration) for each N,O group. 

The physiological data were statistically analyzed 
using between groups analysis of variance. When 
significant differences were found, they were further 
analyzed using a mean t test comparison with a 
Bonferroni correction factor (12). The potency of N,O 
was evaluated in the following manner: For each NO 
group, a dose-response curve was produced by plot- 
ting the enflurane concentrations in intervals of 0.1% 
versus the percentage of rats with a positive drug 
effect. A positive drug effect was defined as suppres- 
sion of movement in response to a painful stimulus. 
The dose-response curves were tested for parallelism 
and potency differences using analysis of covariance 
and a Newman-Keuls Multiple Range test (13). Sta- 
tistical significance was defined as a P value <0.05. 


Results 


The physiological data are listed in Table 1. Other 
than small changes in the mean arterial pressure and 
the PaO, no significant differences were observed. 
The additive MAC values for each of the six different 
N,O concentrations are listed in Table 2. A decrease 
in the enflurane requirement was observed when the 
NO concentration was increased. The dose-response 
curves for each N.O concentration are shown in 
Figure 1 and were found to be parallel. No significant 
decrease in the enflurane requirement (potency) was 
produced by increasing the NO concentration from 


80.3 + 0.3 


0-10%, from 30-60% , or from 70-80%. Enflurane 
requirement was, however, decreased by increasing 
the N-O concentration from 10-30% and from 60- 
70%. 


Discussion 


The present results do not support the hypothesis 
that multiple combinations of N,O-and enflurane 
linearly summate to produce 1.0 MAC: As demon- 
strated in Figure 1, the slopes of the six dose- 
response curves were not significantly different. In 
pharmacological terms, this would be consistent with 
similar mechanisms for N,O anesthesia at different 
enflurane concentrations. Separate from the issue of 
similar slopes is the issue of the right to left shift in 
the dose-response curves as the N,O concentration is 
increased. If NO and enflurane combine in a linear 
fashion, then the quantitative change in enflurane 
requirement should predictably depend only on the 
quantitative change in N,O concentration. The 
present data, however, are not consistent with this 
hypothesis of linear additivity. The most dramatic 
departure from linear additivity was the 30-60% NO 
interval in which a relatively large change in N,O 
concentration produced no significant change in the 
enflurane requirement. 

The concept of strict linear additivity of NO and 
enflurane would hypothesize that if a line of additive 
1.0 MAC values were to be constructed using two or 
more N,O-enflurane combinations, any other N.O- 
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Figure 1. Dose-response curves indicating the percent of rats in 
which movement was suppressed in the presence of various 
concentrations of enflurane for 0, 10, 30, 60, 70, and 80% N,O 
groups. End-tidal enflurane concentratior.s are plotted on a loga- 
rithmic scale and the distribution of drug response (suppression of 
movement is displayed with use of probit units [SD]), which are 
also converted to units of percentage to facilitate interpretation. 
The enflurane ED50 changed when the N,O was increased from 
10-30% and from 60-70%, but not when increased from 0~10%, 
from 30-60%, and from 70-80% (P < 0.05). 
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Figure 2. Determinations of enflurane MAC in the presence of 
various concentrations of N,O. The solid line and the open dots 
{O} represent this effect between NO concentrations of 0~30%. 
The dashed line represents an extrapolation of the solid line to a 
zero enflurane MAC contribution (possible N,Q MAC). Points 
below this line would correspond to synergism (decreased anes- 
thetic requirement). Points above the line imply antagonism (in- 
creased anesthetic requirement). Antagon:sm was observed in this 
study for every animal tested with the N,O concentrations greater 
than 30% and is represented by the (@) points (P << 0.001). See 
text for further explanation. 


enflurane 1.0 MAC combination could be predicted. 
This concept was tested in Figure 2 by comparing 
each of the observed enflurane MAC values for the 
60, 70, and 80% NO group to that predicted by an 
extrapolated line of N,O-enflurane additivity using 
the 0, 10, and 30% N,O group data points. With use 
of a least squares estimate (14), a best fit line was 
drawn through the three lowest NO concentrations 
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evaluated in this study (0, 10, and 30% NỌ) points 
and extrapolated to its x intercept, which was a 
predicted NO MAC of 150.6%. This predicted N,O 
MAC is similar to that predicted by Difazio et al. (8) of 
136%. The individual MAC determination for the 60, 
70, and 80% NO group animals (14 in each group for 
a total of 42) were compared with the predicted 
values (of the 0, 10, and 30% N,O line) with use of a 
paired t test. The results of the statistical analyses 
were that the line produced a correlation coefficient of 
0.80 (P < 0.05), and the three highest NO concen- 
trations (60, 70, and 80%) resulted in an enflurane 
requiremen: that was significantly higher than that 
predicted bv the extrapolated line (P << 0.001). This 
evidence would tend to contradict the hypothesis of 
linear additivity, as the best fit line derived from the 
estimate of enflurane MAC at the three lowest N,O 
concentrations (0, 10, and 30%) predicted values 
significantly lower than those obtained in any of the 
42 animals təsted for MAC at the 60, 70, and 80% NO 
concentrations. It should be noted that the N,O MAC 
extrapolated previously was based on only the 0, 10, 
and 30% values. If the 60, 70, and 80% N,O values are 
incorporated into the extrapolated MAC for N,O, the 
1.0 MAC velue for N,O is 220%. 

A possible explanation for the observed results 
includes a relative antagonism in the anesthetic sum- 
mation of N,O and enflurane when N,O concentra- 
tions greater than 30% were utilized. The word 
relative is a vital concept for if the previously de- 
scribed explanation is correct, N,O and enflurane 
may either interact in an antagonist manner when 
N,O concentrations greater than 30% were utilized 
and/or interact in a synergistic manner when N,O 
concentrations less than 30% were utilized. It should 
also be noted that in the present study, this concept 
would require a nonlinear dose-response curve of 
these speculative synergistic/antagonistic properties 
(i.e., if antagonism were present for N,O concentra- 
tions greater than 30%, it would be necessary to 
invoke an argument that antagonism peaked at a 
NO concentration of 60% where a significant de- 
crease in the enflurane requirement occurred). Al- 
though the nonlinear summation in the 0-80% N,O 
concentration range is clear, additional studies of 
N,O MAC in isolation from other anesthetics must be 
conducted under hyperbaric conditions to assess 
whether these results represent an increased en- 
flurane requirement at NO concentrations greater 
than 30% or a decreased requirement at N,O concen- 
trations less than 30%. 

The present observation of nonlinearity may be 
due to experimental “noise,” physiological factors, 
pharmacokinetic interactions, or multiple drug ef- 
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fects. In statistical terms, the probability that experi- 
mental “noise” (sampling and analysis error, tail 
trauma, etc.) had an erroneous effect on the observed 
results is less than 5% (P < 0.05). It is also unlikely 
that a hidden bias resulted in subjective manipulation 
of the data collection with a consequent perturbation 
of the enflurane requirement, as the use of a random- 
ized protocol and an all-or-none criterion to define 
MAC was in effect. Previous determinations of en- 
flurane MAC in the rat have ranged from 2.20-2.50% 
(15-17). The MAC value of enflurane in the present 
study (2.30 + 0.17) was within this range and would 
tend to validate the methodology of the present 
study. 

One concern when performing MAC studies is the 
semiquantitative nature of the data. However, MAC 
determinations are the standard from which anes- 
thetic potencies of volatile agents are measured and 
provides a reliable and reproducible method of as- 
sessing and comparing anesthetic potencies. We at- 
tempted to minimize the semiquantitative aspects of 
the tail clamp method by the following: 1) MAC was 
defined within a narrow interval (<5% of the volatile 
anesthetic concentration); 2) Long anesthetic equili- 
bration times (120 minutes initially and 20 minutes for 
each ensuing enflurane change); 3) Small enflurane 
changes (<10% of original concentration); 4) Stimu- 
lating at the same place on the tail (base). In addition, 
because of the pilot estimation of MAC, only 3-5 
stimulations were required for each rat producing 
minimal trauma to the tail in the course of the study; 
and 5) A relatively large number of animals for each 
group (N = 14). 

Several physiological variables are known to influ- 
~ ence MAC and could have had a role in producing a 
nonlinear summation of N,O and enflurane. These 
factors include blood oxygen tension, mean arterial 
pressure, and body temperature (11,18-20). In the 
present study, multiple physiological indices were 
monitored and maintained within physiological 
ranges known not to affect MAC (11,18-20). With few 
exceptions, no differences were seen between groups. 
The only observed differences were a reduced oxygen 
tension and an increased mean arterial pressure for 
some of the higher nitrous oxide concentrations 
groups (P < 0.05). Decreases in the PaO, values are 
attributed to inspired oxygen concentrations of only 30 
and 20% when delivering N,O concentrations of 70 
and 80%, respectively. If this difference had any effect 
on MAC, the reduced oxygen tension should have 
decreased the enflurane requirement rather than the 
observed increase relative to expected linear summa- 
tion (Fig. 2) (18,19). Mean arterial pressure may have 
decreased partially as a consequence of dose-related 
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enflurane hemodynamic effects; however, it is un- 
likely that the small decrease in mean arterial pressure 
was a confounding factor, as the observed mean 
arterial pressure values were within normal clinical 
limits and did not approach values previously re- 
ported to affect MAC (20). 

Pharmacokinetic factors may have resulted in de- 
creased central nervous system levels of either N,O 
or enflurane, which could explain the observed non- 
linearity. However, the attention to equilibration and 
the careful sampling of end-tidal concentrations of 
both N-O and enflurane would suggest that in fact 
the observed levels of both agents were a reflection of 
stable brain tissue levels. In addition, our technique 
for sampling end-tidal gases is supported by a differ- 
ence of only 2.3 mm Hg between end-tidal and 
arterial CO,, suggesting minimal contamination of 
the end-tidal sampling by ventilatory dead space. 
Thus, the results reported here are in all likelihood a 
consequence of the mechanism of anesthetic interac- 
tion between enflurane and N,O. : 

At least two mechanisms can be postulated to 
explain the present results. First, because the param- 
eter by which MAC was estimated involved the 
measurement of an animal’s response to noxious 
stimulation, it is worth noting that both N,O and 
enflurane may have analgesic properties indepen- 
dent of their general anesthetic action (21,22). Be- 
cause there is a possibility of acute tolerance to this 
dose-related effect (21), it might be considered that 
tolerance to N,O may have increased the enflurance 
requirement. Although this could have been a factor 
in the nonlinear potency summation of N,O and 
enflurane, it must be noted that because anesthetic 
equilibrium periods were identical in time, it would 
be necessary to invoke an argument based on prefer- 
ential development of tolerance at higher N,O con- 
centrations. This appears to be unlikely (23). 

A second possible mechanism by which the 
present results might be explained is based on obser- 
vations of excitatory or epileptogenic properties of 
enflurane. Enflurane has been described to have both 
cortical-irritant and cortical-depressant properties 
(24). Although only minimal evidence of epileptiform 
activity has been reported at levels of 1.0 MAC 
(approximately 2.5%) enflurane in the rat, higher 
concentrations produced clear generalized seizure 
activity (17). Because generalized seizures may have 
an effect on an animals response to noxious stimulus 
(either a decrease in response due to post-ictal de- 
pression or the possibility of a heightened response 
due to the stimulating affects of enflurane), the pos- 
sibility should be considered that enflurane might 
make contributions to MAC both by a direct anes- 
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thetic effect and by an excitatory/epileptogenic effect. 
Epileptogenicity would theoretically be important as 
an explanation for the present results only if NO had 
the potential to alter this property. In fact, there is 
evidence in cats that NO decreases the epileptogenic 
effect of enflurane (25). Thus, it may be hypothesized 
that if enflurane’s epileptogenicity and nitrous ox- 
ide’s anticonvulsant properties are dose-dependent, 
these factors could combine to produce the observed 
nonlinear anesthetic summation. However, this ex- 
planation is not likely in the present setting. There 
was no overt seizure activity in any of the rats, and in 
pilot studies in which the highest enflurane dose 
used in this study was administered, no seizure 
activity was observed on electroencephalographic 
tracings. A more likely explanation is that enflurane 
can produce both depressant and stimulatory actions 
in the central nervous system at specific doses. These 
dose-specific actions of enflurane could interact with 
similar or opposite dose-specific effects of NO in 
either an inhibitory or excitatory manner to produce 
the observed nonlinear potency summation. As an 
example, enflurane has been reported to decrease 
reticular system firing, whereas activation is observed 
with N.O (26,27). Further experiments are needed to 
test this hypothesis and adequately explain the ob- 
served nonlinear summation and determine whether 
or not this is a unique property of N,O-enflurane 
combinations or extends to combinations of other 
volatile anesthetics and NO. 

Given the present evidence for nonlinear summa- 
tion of NO and enflurane in the rat, it is important to 
consider the possibility that similar mechanisms 
might be in effect during clinical anesthesia. In a 
human study, Torri et al. (6) compared the effect of 
two NO concentrations on the enflurane require- 
ment to achieve a MAC level of anesthesia. By 


combining their results with a previously reported | 


enflurane MAC, Torri et al. proposed that NO and 
enflurane are linearly additive. It should be noted 
that this conclusion was based on the evaluation of 
two N-O concentrations and an enflurane MAC value 
determined elsewhere. Ideally, a definitive statement 
regarding the summation of these two anesthetics 
will require testing of multiple combinations in a 
single clinical study. Comparable studies in animals 
have provided evidence, in many cases, for nonlinear 
summation of inhalational anesthetics (8-10), al- 
though rigorous statistical analysis was not always 
performed. 

One must be cautious when making clinical as- 
sumptions based on animal data. In particular with 
MAC determinations, it is well known that there are 
significant interspecies variations (28). In addition, 
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because of the relative insensitivity of the rat to N,O 
(as compared with the human) only the first half of 
the dose-response curve of N,O was evaluated 
(higher concentrations require a hyperbaric cham- 
ber). However, when comparing the rat with the 
human in terms of volatile anesthetic dose require- 
ment, the rat requires a predictable 30% increase in 
the dose of a volatile anesthetic required to achieve 
MAC (29). [f this correction is applied to the use of 
NO in humans, then these data would predict a 
nonlinear enesthetic summation of N O and en- 
flurane between concentrations of 0-50%, anesthetic 
levels that are frequently administered. However, 
until an appropriate clinical study has been com- 
pleted, this data should only be viewed as a hypoth- 
esis. 

Nitrous oxide’s nonlinear summation raises sev- 
eral salient clinical questions regarding the optimal 
use of N,O in regards to such issues as the reciprocal 
relationshi¢ between inspired concentrations of oxy- 
gen and NO, nitrous oxide’s effect on closed air 
spaces, and N,O toxicity. If lower concentrations of 
NO produce anesthetic effects commensurate with 
higher doses, then the use of a lower dose of N,O 
would max-mize anesthetic effects while minimizing 
any undesirable side effects. 

In conclusion, MAC determinations with six dif- 
ferent combinations of NO and enflurane demon- 
strated that the anesthetic combination of N,.O and 
enflurane did not follow the principle of linear addi- 
tivity. Although enflurane is not frequently used in 
contemporery anesthetic practice, this nonlinearity 
presents an important pharmacologic principle in the 
use of N,O in that the anesthetic efficacy of NO in 
combination with a volatile anesthetic may not be as 
simple as currently taught. Further studies of N,O 
with other clinical volatile anesthetics are needed 
before conclusions addressing the additivity of N,O 
in humans can be made. 


We thank Laura Breen and Mike Rathbun for skillful technical 
assistance and Mary Miller, Sharon Andrews, and Jackie Breyer for 
the preparation of this manuscript. 
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The quantitative relation between the concentration of local 
anesthetic (LA), the length of nerve exposed, and severity of 
conduction blockade was studied with use of a chamber 
where exposure length was varied as the concentration of 
lidocaine was held constant. Recordings of the compound 
action potential and of single axons established that small 
variations in the length of nerve exposed to LA strongly 
modulate conduction block even at exposure lengths in 
excess of 2 cm. Therefore, exposure length is a significant 
factor in determining blocking potency, and only at very 
high concentrations of LA, where voltage-dependent Na 
conductance is almost completely blocked, is the critical 
exposure length less than three nodes of Ranvier. The 
concentration required for 50% block of impulses in single 


Axonal impulse blockade by local anesthetic (LA) 
follows from the inhibition of voltage-gated ion chan- 
nels. Therefore, the impulse blocking potency of LA 
depends on factors that modulate the inhibition of 
ionic currents or on other factors, such as the length 
of axon exposed to the drug, that govern the effects of 
the weakened currents on impulse propagation. 

With high concentrations of LA sufficient to reduce 
voltage-gated sodium conductance nearly to 0, no 
more than three nodes of single isolated myelinated 
fibers (Figure 1) need to be exposed to block propa- 
gation of impulses (1). 

Passive decay of transmembrane voltages with 
distance along axons is analogous to the exponential 
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fibers (that is. where 50% of the impulses would fail to 
propagate through the exposed region of the nerve) dimin- 
ished as the exposed length of nerve increased, approxt- 
mately halving as exposure length was changed from 6 mm 
to 15-25 mr. Conduction latency increased with the 
exposure length becoming sharply more variable as the 
critical exposure length for conduction block was ap- 
proached. The results are consistent with the hypothesis of 
decremental conduction, where a partial active response in 
nodes exposed to marginal blocking concentrations extends 
the decay of tke action potential along the axon, and do not 
support the interpretation that lengths of several centime- 
ters affect blccking concentration because such distances 
increase the probability that three nodes will be blocked in 
succession. This study contradicts the broader common 
assumption that beyond three nodes, the length of nerve 
exposed is not a factor in nerve block with local anesthetics. 


Key Words: ANESTHETICS, LOCAL: lidocaine, 
mode of action. NERVE, AXONAL BLOCKADE. 


decay that occurs in linear cables and is characterized 
by the space constant A, giving the length over which 
membrane voltage (Vm) decays by a factor of e~t 
(~37%). Even for large diameter fibers, A is on the 
order of 1 mm, which is roughly similar to the 
distance between nodes (2). Therefore, completely 
passive spread of V,, during an action potential in a 
length of nerve sufficient to include two to three 
inactive nodes would be insufficient to depolarize an 
adjacent active section of axon to threshold, and the 
impulse would be blocked. 

These facts have greatly influenced the study of 
LA blocking action, even under conditions in which 
low concentrations just sufficient for marginal block 
have been used (3). In particular, it is often assumed 
that exposure lengths including three nodes suffice 
for testing anesthetic potency (4,5,6) and that cham- 
bers 1 cm long have a comfortable margin in exposure 
length because internodal distances, even in the 
largest mammalian nerve fibers, are very rarely. as 
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Figure 1. Diagram of a myelinated nerve fiber. 


great as 2 mm (7). Because space constants for small 
myelinated and unmyelinated fibers are even less 
than those for large myelinated axons, exposure 
length in the range above 6 mm is not usually 
considered an important determinant of blocking 
potency across the fiber spectrum. 

However, at marginal concentrations of LA, the 
partial active response of nodes in the exposed region 
may extend the length of axon over which an action 
potential decays (8,9), increasing the distance over 
which exposure length could modulate conduction 
(10,11). Recently, Fink and Cairns (12) have argued 
that lengths of “several cm” may influence block 
under “unfavorable” clinical conditions, even though 
concentrations of lidocaine injected in nerve blocks 
(for example, 1% ~ 40 mM) exceed marginal blocking 
concentrations by a factor on the order of 100. This 
argument was based on an alternative idea to decre- 
mental conduction (4), that the probability of three 
successive nodes each being exposed to its minimal 
blocking concentration was contingent on local vari- 
ations in pharmacokinetics and anatomy, thereby 
requiring exposure of many nodes to ensure that 
three successive ones be blocked. 

We sought to study these issues by quantitating 
the relations among degree of block, the concentra- 
tion of anesthetic, and the length of nerve exposed to 
LA. 


Methods 


Frog sciatic nerves were extracted from pithed 3-5 in. 
Rana pipiens or 4-7 in. Rana catesbeiana (snout to 
vent) and bathed in a Boyle-Conway saline-glucose 
solution bubbled with 5% CO, in air, containing in 
mM: NaCl 80.5, KCl 2.1, CaCl, 1.8, MgSO, 1.2, 
NaSO, 0.66, NaHCO, 25.0, Na HPO, 2.6, KH,PO, 
0.5, glucose 3.3. Three wells in the plexiglass nerve 
chamber (Figure 2) were circulated separately. One 
wall of the exposure chamber was tapped for a 
fine-pitch lead screw and could be moved. Vaseline 
seals prevented fluid exchange between the stimula- 
tion well and the central exposure well. At the other 
end of the exposure well, a 4-mm gas bearing seal 
inflated with a threaded piston prevented lidocaine 
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Figure 2. Diagram of the experimental chamber, nerve support 
system, and data acquisition system. Note the movable baffle with 
air seal on the left boundary of the exposure well that was used to 
vary the length of nerve exposed to anesthetics placed only in the 
exposure well. 


from escaping into the recording chamber. The sciatic 
nerve trunk, sheath intact, under slight tension just 
sufficient to prevent sagging, passed through the 
center of the seal and was thus surrounded by the gas 
mixture (5% CO, in air). When the wall was moved, 
the seal moved with the wall and the nerve itself was 
not perturbed. 

No anesthetic was administered to solutions circu- 
lating in the recording or stimulating wells. Record- 
ing of small filaments containing 1, 2, or 3 active 
single fibers or of large branches of the nerve allowed 
us to compare results from compound action poten- 
tials (CAP) with impulses in single axons. Stimuli 
were delivered at the central end of the nerve trunk 
through a closely fitting suction electrode. For CAP, 
the stimulus intensity was held at 1.5 times the 
supramaximal level. For single units, stimuli were 5 
times threshold intensity for the fiber. 


CAP. The CAP was recorded by plastic suction 
electrodes placed so that even at the longest exposure 
distances, at least 1 cm of the nerve branch in the 
recording well was exposed to the lidocaine-free 
saline solution. This procedure ensured that any 
decrease in CAP amplitude was due either to block- 
ade of axons (impulse extinction) in the exposure well 
or to temporal dispersion among the unit potentials 
constituting the CAP. Exposure to LA of the recorded 
region would have reduced the amplitude of the 
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active currents (13) and would thus suppress the CAP 
directly, even in the absence of block or dispersion. 
Lidocaine was added to the supply vessel for fluid 
circulating through the exposure well (total volume 
77 ml), and a fixed concentration was maintained 
throughout the experiment. CAP waveforms were 
monitored in response to stimuli given every 2 sec 
and to short trains 2 sec-long given alternately every 
30 sec at 5 and 50 Hz. The heights of the CAP were 
visually measured on a Tektronix storage oscilloscope 
and noted every 1 min as the exposure distance was 
extended and shortened. 


Single axons. Fibers or small fascicles were teased 
from the distal end of the nerve and recorded with 
flexible suction electrodes drawn to 20-40 pu tips. 
Blocking concentrations (concentrations sufficient to 
prevent conduction in response to 50% of the stimuli 
given at 2-sec intervals) were measured in two ways: 
by adjusting exposure length at fixed (LA) or by 
adjusting (LA) at a fixed length. Single unit potentials 
were windowed to an analog latency meter that 
measured the delay from the beginning of the shock 
artifact to the transition of a Schmitt trigger set to 
trigger during the fastest rising segment of the unit 
potential in the window. Lidocaine (courtesy of Astra 
Pharmaceutical Corporation) was freshly dissolved 
for each experiment into 2 ml (38 mg/ml = 141 mM) 
distilled water and diluted into the saline solution as 
required. In 14 fibers, a form of lidocaine (LX) with 4- 
5 times the effective potency of lidocaine HCI was 
used, and the results of 29 critical length determina- 
tions were quite similar to those obtained in 22 fibers 
with 42 critical length determinations with use of 
lidocaine HCI. Except for the example of a critical 
length determination in Figure 3, however, we have 
included here only data obtained with lidocaine HCl. 

Latencies were recorded at 5-ysec resolution and 
were also monitored digitally at 0.1 usec resolution. 
Latencies and occasional single unit potentials were 
stored to disk on a Computer Automation (Rich- 
ardson, TX) Scout minicomputer and were plotted 
with use of a Watanabe (Western Graphtec, New- 
port, CA) x-y digital plotter. The temperature was 
held at 16.5 + 0.5°C by a Peltier thermal controller 
(Cambion, Solana, CA). The pH was maintained at 
7.3 + 0.2 by controlling the proportion of CO, in the 
gas mixture. 

In initial experiments, the quality of the air bearing 
seal was monitored by tracking the electrical resis- 
tance between exposure and recording pools; later, 
occasional visual inspection of the bubble was found 
to suffice. In three experiments, the presence of 
lidocaine in the recording pool was checked hourly 
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Figure 3. Determination of a critical length. The top of the figure 
shows the urit action potentials. The middle section shows the 
latency of each successfully conducted impulse (as measured for 
the fast conducting potential marked by a star in the first trace) 
throughout tre determination (140 min) vs. time. The numbers on 
the curve ind.cate when samples of the unit potentials displayed 
above were taken. At the bottom there is an index showing the 
exposure length. The density of hatching reflects the probability of 
conduction: 130% = white; 0% (that is, complete block) = ‘black; 
50% = gray. Degrees of gray indicate more or less than 50%. 
Lidocaine (ASTRA LX, ~4 times potency of Lidocaine HCl) was 
added at 22-mm exposure length leading to slowing and block. 
Reducing the exposure length (same concentration of LA) restores 
100% conduction. Fifty percent conduction was approached by 
adjusting the length progressively more finely over the next hour 
resulting in the determination of critical length at 9.75 mm. Small 
(+ 100) changes from this length strongly shifted the probability 
of conductior. Note the nine-fold increase in the range of fluctu- 
ations in Jatercy at critical length vs. unexposed control conditions. 
(Fiber conduction velocity 12.4 m/sec) 


with use of gas chromatography. The concentration 
was less than 1% of the lidocaine level in the expo- 
sure well even after as long as 8 hours. 


Results 
Compound Action Potentials 


Large myelinated axons contribute to the first eleva- 
tion of the CAP. Recorded with suction electrodes, 
this elevation was a predominantly monophasic pos- 
itive deflection ranging between 5 and 20 mV in 
amplitude. The amplitude depended on the precision 
of fit of the electrode to the nerve branch sucked into 
it and on the mechanical stability of the nerve within 
the electrcde, rising or declining if the nerve were 
sucked further into the electrode or fell out of it. In 27 
experiments with nerves from Rana pipiens (N = 22) 
and Rana catesbeiana (N = 5), we achieved sufficient 
stability that the CAP height remained within +3% of 
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control values for several hours. Lidocaine was ap- 
plied to segments of the nerve ranging from 5-50 mm 
in length. 

At a fixed concentration of lidocaine, the tonic 
CAP (sampled every 2 sec) decreased in amplitude as 
the exposure distance was increased. The exposure 
length was changed in a stepwise manner with each 
step taking about a minute to complete. The tonic 
CAP then continued to change for 10-15 minutes 
afterward as the lidocaine equilibrated with the 
freshly exposed.segment of nerve (if exposure length 
had been increased) or diffused away from a previ- 
ously exposed segment (if exposure length had been 
decreased). Without lidocaine, moving the air bear- 
ing had negligible effect on CAP height. A further 
attenuation of the CAP occurred with repetitive stim- 
ulation with short trains of stimuli (40-100 pulses) at 
5 and 50 Hz, both during the onset transients and at 
steady-state. This “phasic” drop in CAP height and 
the tonic drop were both reversed when the exposure 
length was shortened (Figure 4). Without exception, 
such shortening tended to restore the CAP ampli- 
tude. : 

The CAP was reduced significantly by increases in 
exposure length even above 20 mm (Figure 5). The 
CAP amplitude could be set between 80 and 20% of 
control levels simply by adjusting exposure length 
without altering concentration of local anesthetic or 
the overall conduction distance. 

However, some flattening of the CAP could be due 
to differential slowing among the several hundred 
fibers whose individual action potentials add to form 
the CAP (12,14) and may not, therefore, reflect actual 
conduction failure. Because the recording was made 
from a segment of the nerve that was not exposed to 
local anesthetic, no diminution of CAP due to direct 
effects on the unit action potentials at the electrode 
can account for the drop of CAP. 


Single Fibers 


To investigate differential slowing of impulses in 
different axons and to confirm that the impulse 
conduction failure implied by the drop in CAP actually 
occurred, we recorded from single fibers in nerves 
exposed to local anesthetic. Such fibers show block as 
an absence, not an amplitude reduction, of an action 
potential. We defined the critical exposure length for 
conduction failure in any particular fiber as the length 
where only 50% of the stimulated impulses (at 0.5 
Hz) were detected on the other side of the exposure 
well. This “critical length” was a strong function of 
local anesthetic’ concentration. 
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Figure 4. Changes in CAP amplitude during exposure to 0.8 mM 
lidocaine in one experiment. A, The top legends show the time of 
application of lidocaine and the extension and shortening of the 
exposure well (hatched region). Note the rapid development and 
relatively later recovery of phasic block. The transient drop in CAP 
amplitude with washing on the far right reflects the high initial 
PCO, (30%) in the wash solution before it equilibrates with the gas 
supply (5% CO, in air). The numbers above the CAP amplitude 
denote timing of the photographs of the tonic CAP traced in B. The 
CAP during exposure and increased exposure length (left) is 
similar to the CAP during shortening and wash (right). 


Critical lengths were measured by stepping the 
concentration of LA in the exposure pool to a new 
level and adjusting the exposure length until 50% of 
the impulses failed to propagate through the expo- 
sure pool. This was a surprisingly precise measure- 
ment (Figure 3), resolved to fractions of a millimeter 
(0.25-0.5). Even at the lower range of concentrations, 
where critical lengths were more than 20 mm, 1-mm 
changes in exposure length strongly influenced the 
probability of conduction through the exposed re- 
gions of axon. In four experiments, a critical length 
measured early at one concentration was measured 
again several hours later after re-equilibration with 
the initial concentration of LA. Repeatability of the 
critical length was within +15% and averaged +12% 
(+0.9 mm). 

During the successive approximations of exposure 
length to critical length, the latency in impulse con- 
duction becomes quite variable as the critical length is 
approached. The range of latency fluctuations around 
the average latency at 5 times threshold stimulus 
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Figure 5. CAP amplitude declines with length of nerve exposed to 
lidocaine (0.8 mM). The data are from one experiment with a nerve 
from a large bullfrog that was Jong enough to test for continued 
decline of the CAP for exposure lengths beyond 35 mm. Amplitude 
expressed in percent of the unexposed control amplitude. 


intensity was slight (<+250 usec) under control con- 
ditions and grew by as much as twelvefold (+1500 
and —300 second) at critical length (for example, in 
Figure 3). Similar latency “noise” with a distribution 
skewed strongly toward increased delay occurs dur- 
ing electrical stimulation at threshold level (15) and 
was interpreted here as a sign of approach to critical 
length. 

The process of determining a critical length, which 
required 2 or more hours for equilibration, was re- 
peated for a given fiber at several concentrations of 
lidocaine. This process was successfully achieved for 
three or more critical length determinations in each of 
six fibers with lidocaine HCI and in three fibers with 
the higher potency lidocaine. This evidence, graphed 
for lidocaine HCl in Figure 6, shows that at short 
exposure lengths, more than twice as much anes- 
thetic was required than that at the longest exposure 
lengths (25-35 mm); that each fiber has a monotonic 
relation between exposure length and blocking con- 
centration of lidocaine; and that the curves differed, 
revealing the intrinsic differential susceptibility of the 
individual fibers to LA. 


Fiber Differences 


It is clear in Figure 6 that over the range of exposure 
lengths explored (5-30 mm), the rank order of sus- 
ceptibility to lidocaine among the six fibers did not 
differ. However, the slopes of the curves did differ, 
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Figure 6. Serial measurements of critical length at several concen- 
trations of licocaine HCl. The separation of the curves reflects 
differential tonic (sampled at 0.5 Hz) susceptibility to lidocaine. 
The range of 2ach curve shows that variations of exposure length 
counts for a factor of 1.5-2 in concentration with as much as 50% of 
the effect deriving from changes in length in the domain above the 
commonly us2d 1-cm exposure distance. 


indicative of differences in sensitivity to LAs, and the 
possibility remains that had more fibers been inves- 
tigated the curves with shallow slopes would have 
crossed curves with steeper slopes, making the rank 
order of susceptibility contingent on the exposure 
length. For the 22 fibers ranging in conduction veloc- 
ity from 5-24 m/sec, in which 42 critical lengths were 
measured with lidocaine HCI, there was no signifi- 
cant relation between rest conduction velocity (axon 
diameter) and susceptibility to LA (Figure 7), even at 
short expasure lengths. As might be expected from 
the findings from the CAP, there was a trend in the 
lumped data from faster fibers toward lower blocking 
concentrations at longer exposure lengths (Figure 
8A). Drawing lines connecting the successive mea- 
sures in single fibers (Figure 8B) emphasizes the 
trend. 


Discussion 


Exposure Length Affects Blocking Dose Beyond 
Three Nodes 


The length of nerve exposed to LA affected the 
amplitude of CAP and the blocking concentration for 
single axons over a range extending from 6 to beyond 
30 mm. Because the internodal distances in amphib- 
ian (and mammalian) myelinated fibers are on the 
order of 1 mm, this finding implies that the blocking 
concentration will depend on exposure length over a 
range in excess of 20 nodes. Moreover, when the 
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Figure 7. Blocking concentration of lidocaine HCI vs. rest conduc- 
tion velocity over the range of exposure length. Forty-two blocking 
concentrations were determined for 28 fibers. The highest concen- 
trations required were to block two fibers conducting under 10 m/ 
sec through short (<10 mm) exposure length. No relation was 
found between susceptibility to block by lidocaine and resting 
conduction velocity (proportional to axon diameter). 


concentration of anesthetic was just below the critical 
blocking level, the incremental effect of adding 1 mm 
to a 25-mm exposure length was sufficient to block 
fibers conducting with 100% success before the ex- 
tension. Such observations imply either that impulses 
decrement progressively during conduction through 
a region of axon exposed to LA or that there are 
particular sites along an axon that are relatively more 
prone to LA block, which are always encountered 
when the exposure length is incrementally increased. 

These results show that at any given concentration 
of lidocaine there is a direct relation between the 
incidence of block in a fiber population and the length 
of nerve exposed to LA. Therefore, our results are in 
contradiction with the claim of Fink and Cairns (12) 
that “incidence of block was an inverse function of 
length of nerve in contact with the drug.” However, 
the relevant data in their study (their Table 1) show a 
greater number of single units blocked by 0.6 mM 
lidocaine at longer exposure lengths (39% blocked at 
5mm and 75-96% blocked at exposure lengths above 
23 mm). Furthermore, in their discussion, they offer 
an explanation for a direct relation between exposure 
length and incidence of block, which makes us be- 
lieve that our direct measurements of critical length in 
frog sciatic fibers are, in fact, consistent with their 
survey of blocking incidence at 0.6 mM lidocaine in 
rabbit vagal and recurrent laryngeal nerve fibers. 

At long exposure lengths, the slope of the relation 
between exposure length and blocking concentration 
for each fiber appears to approach a vertical asymp- 
tote (a minimal blocking concentration) that is well 
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above zero concentration (Figure 6). This minimal 
blocking concentration reflects the intrinsic conduc- 
tion safety of each fiber and is an appropriate index of 
relative susceptibility to LA at steady state among 
fibers. It avoids the complication of the dependence 
of blocking potency on exposure length because 
further increases in exposure length negligibly affect 
the blocking concentration. The notion that fibers 
differ intrinsically in conduction safety (5,16) rather 
than in probability that 3 adjacent nodes will be 
blocked (4) is the likely basis of differential block (3). 
At the opposite extreme, short exposure lengths 
dramatically increase the dose of anesthetic required 
to block fiber conduction. At exposure lengths of 2-3 
mm, the dose should rise without limit, expressing 
the capability of the impulse to conduct through one 
or two, but not three, completely unresponsive nodes 
(1). In our experiments, 5-mm exposure lengths were 
the minimum we could achieve, and near such short 
lengths (5-7 mm) a blocking dose could be found, 
although at 1-2 mM these doses were as much as 5 
times greater than the least dose required to block the 
most susceptible fibers at longer exposure lengths. 


Impulse Conduction in the Exposed Region 


An important distinction between two images of 
saltatory conduction failure with local anesthetics can 
be made on the basis of these results. In one image, a 
blocked node is considered to have no active regen- 
erative currents, and conduction fails whenever cir- 
cumstances (physical barriers, concentration gradi- 
ents, sufficient time from injection, and so forth) 
permit three successive nodes to be blocked (4,6,12). 
In the other image, all nodes exposed to marginal 
blocking concentrations of LA are capable of an 
attenuated active response. A series of identical 
nodes exposed to the same concentration of LA 
results in a progressive decrement in the action 
potential because each successive node is driven by a 
weaker action potential and generates an incremen- 
tally weaker response to drive the next node (9). In 
this view, conduction fails when the attenuated re- 
sponse is too weak to depolarize the next node, and 
the local response then falls nearly to 0 over the next 
three to five internodal lengths. 

The results summarized in Figure 6 do not show a 
discontinuous or sudden relation between exposure 
length and blocking concentration, and at each criti- 
cal length, small changes in exposure length shifted 
the probability of conduction quite steeply. This 
occurrence supports the model of decremental con- 
duction (8) throughout the exposed region. The alter- 
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Figure 8. Blocking concentration of li- A 
docaine HCl vs. exposure length. A, 
The blocking concentrations for fibers 
that would contribute to the first eleva- 
tion of the CAP (Conduction velocities 
>17 m/sec) are plotted vs. the exposure 
lengths at which the blocking concen- 
trations were determined (critical 
lengths). B, Successive measures from 
the same fiber are connected. Extrapo- 
lation of the curves for two measure- 
ments/fiber was done on the basis of the 
similarity of curves in Figure 6 to esti- 
mate the cumulative failure of fast units 
with exposure length at 0.8 mM lido- 
caine HC] (see text). 
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native hypothesis of randomly distributed sites of 
varying degrees of low conduction safety implies that 
sometimes a site of quite low conduction safety 
would have been located within the initial 6-8 mm of 
exposure. Lowering the anesthetic concentration 
would then have had no effect on subsequent mea- 
sures of critical length until the concentration 
: dropped below the minimal blocking concentration 
for the site. A slight further reduction of local anes- 
thetic might then have dramatically increased the 
measured critical length. However, we always ob- 
served slight increases in critical length with slight 
decreases in lidocaine concentration and larger in- 
creases in critical length with larger decreases in 
concentration, supporting homogeneity along the 
axon of both conduction safety and susceptibility to 
anesthetic. Tracking excitability of successive nodes 
along a fiber is known to show no discontinuities in 
firing threshold, and any one fiber’s nodes are also 
quite similar to each other in the degree of change in 
electrical excitability with repetitive discharge (2). We 
also know from many investigations that ion chan- 
nels in nerve membrane are progressively inhibited 
by increasing doses of local anesthetic (13,17,18) and 
that axonal action potentials are also decreased in a 
parallel, progressive manner (19). If all the nodes of a 
given fiber are nearly equivalently affected by expo- 
sure to lidocaine, as such evidence suggests, then we 
must look for a progressive diminution of the driving 
current as the action potential propagates through 
the exposed region to explain the increase in block 
resulting from extending the exposure length. 
Models of impulse conduction based on the pre- 
sumption that nodes have identical properties show 
that the driving currents from impulses in nodes at 
the beginning of the exposed region decline progres- 
sively until they are just barely unable to sustain 
propagation of the impulse (9). Our experimental 
evidence suggests that this region of decrement can 
extend beyond 20 successive internodes, which ex- 
ceeds the range of 10 nodes explored by Condouris et 
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al. (9) in mathematical models of myelinated fibers 
where exposure to lidocaine or tetrodotoxin was 
simulated. 

The increased variance in latency that occurs when 
exposure length is near the critical value for blocking 
conduction, which also occurs in mammalian fibers 
(4), resembles in range and distribution the increased 
variance ir. latency seen during electrical stimulation 
of axons af threshold level (15). It can be attributed to 
fluctuations in the firing time of the first unexposed 
node after the exposure pool. It is consistent with the 
model of decremental conduction that this node 
would be driven just barely to threshold by the action 
currents o7 the diminished spike at critical length. 


Fiber Differences 


Differential block as a function of diameter has mainly 
been observed under conditions where the exposure 
length is 10 mm or less (5,4,review 3). Studies on 
single fibers using exposure distances up to 60 mm 
have found little relation between size (inferred from 
conduction velocity) and susceptibility to anesthetic 
(3,4,12). In the present study, slower conducting 
myelinated fibers were not more susceptible to lido- 
caine blocx over the range of exposure lengths used 
(Figure 7), which does not support the prediction of 
Raymond and Gissen (3) that slow fibers would be 
more susc2ptible than large, fast-conducting fibers at 
shorter exposure distances. However, although inter- 
nodal distances are broadly correlated with diameter 
over a rarge of 2-18 u (20), variation in internodal 
length is great among mammalian fibers (7). And 
between 11 and 20 m/sec no correlation was found in 
frog fibers between internodal length and conduction 
velocity (Z). In the face of the large interfiber varia- 
tions, our present sample size of serially tested single 
fibers is not sufficient to disprove the hypothesis (3,4) 
that size related differential susceptibility of slow 
fibers to block emerges only at short exposure 
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lengths. Because nociceptors are coupled to smaller 
axons than those studied here, these results thus do 
not rule out the possibility of producing strongly 
differential local anesthetic block for pain by restrict- 
ing the exposure length. 

Interfiber variation makes serial measures in single 
fibers more discriminating for pharmacological effects 
than population studies across fibers. This point is 
emphasized in this study by the broad scatter of the 
lumped population data in Figure 8A, where varia- 
tions in tonic susceptibility among fibers obscures the 
trend of increased lidocaine required for block at 
short exposure length. However, the dependence of 
blocking concentration on exposure length emerges 
clearly (Figures 6, 8B) when serial measures in indi- 
vidual fibers are linked. 

The single fiber data can also be used to analyze 
the drop in CAP with exposure length. By assuming 
that an approximate twofold range in blocking con- 
centration results when exposure length is varied 
between 6 and 20 mm and that the curves expressing 
the dependence in fast (>17 m/sec) A-fibers are 
similar to those in Figure 6, we can project the length 
expected for conduction to fail for each of the fibers in 
Figure 8B. The cumulative impulse extinction in fast- 
conducting units is 16, 34, and 44% at 10, 20, and 30 
mm exposure distances, whereas the relative reduc- 
tion of the CAP at these lengths averaged (N = 21) 24, 
40, and 49%, suggesting that about 80% of the loss in 
CAP amplitude is due to block and about 20% to 
temporal dispersion. Fink and Cairns (12) credit an 
inappropriately high proportion of the drop in CAP 
to dispersion because they exposed the nerve at the 
recording site, which would lower the amplitude 
directly by reducing the action currents. 


We thank Michael DiFilippo for technical assistance with the CAP 
studies and gratefully acknowledge the help of Colette Lavoie and 
G.R. Arthur, MD in measuring lidocaine concentrations. We also 
appreciate the creative counsel of Bernard Danti, Danti Engineer- 
ing, Woburn, MA in developing the air bearing seal. 
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Time Course and Hemodynamic Effects of Alpha-1-Adrenergic 
Bolus Administration in Anesthetized Patients with 


Myocardial Disease 
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SCHWINN DA, REVES JG. Time course and 
hemodynamic effects of alpha-1-adrenergic bolus 
administration in anesthetized patients with myocardial 
disease. Anesth Analg 1989;68:571-8. 


Phenylephrine (Phe) is frequently administered as an intra- 
venous (IV) bolus to increase blood pressure, yet the acute 
time course and hemodynamic effects of bolus Phe in 
patients with myocardial disease have not been reported. 
Therefore 50 randomized IV bolus doses of Phe (50, 100, 
150, or 200 ug) were given to 18 patients during anesthesia 
for elective coronary artery surgery. Esophageal Doppler 
techniques were used to continuously monitor cardiac 
output (CO); mean arterial pressure (MAP), CO, and 
calculated systemic vascular resistance (SVR) were recorded 
every 5 seconds for a total of 2 minutes. The hemodynamic 
changes (mean + sem) for each of the four doses of Phe (50, 


Phenylephrine, an alpha-1-adrenergic agonist (1,2), is 
frequently administered as a bolus intravenous injec- 
tion to increase blood pressure during anesthesia and 
surgery. While the hemodynamic effects of continu- 
ous phenylephrine infusion have been well docu- 
mented in animals and humans (3-5), the beat-to- 
beat hemodynamic effects of a bolus dose of phenyl- 
ephrine have not been reported. On the basis of 
infusion studies, the mechanism of blood pressure 
elevation by phenylephrine is increased systemic 
vascular resistance (SVR) (6). Increases in SVR pro- 
duced by phenylephrine are particularly important in 
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100, 150, 209 ug) were maximal at about 42 seconds after 
the drug was given. They consisted of an increase in MAP 
(11.6 + 2.1, 15.6 + 2.4, 14.7 + 2.4, 18.0 + 1.5 mm Hg); 
increase in SVR (766 + 190, 930 + 310, 950 + 344, 1732 
+ 824 dynes-sec-cm~”); and a decrease in CO (—.58 + .11, 
—.68 + .13, —.73 + .20, —.77 + .18 L-min~*). Hyper- 
tension, increased age, low preoperative ejection fraction, 
high baseline CO, and low baseline SVR significantly (P < 
0.05) decreased hemodynamic responses to Phe (see text). In 
conclusion, bolus IV Phe in patients with myocardial 
disease increases MAP and SVR and simultaneously de- 
creases CO; these peak hemodynamic events occur approx- 
imately 42 seconds after Phe administration. 


Key Words ANESTHESIA—cardiovascular. 
RECEPTORS—alpha-1 adrenergic. HEART— 
coronary artery disease. SYMPATHETIC NERVOUS 
SYSTEM—pharmacology, phenylephrine. 


patients with myocardial disease. In these patients it 
can be hypothesized that increased afterload result- 
ing from increased SVR may decrease cardiac output, 
potentially resulting in minimal net blood pressure 
change. Evaluation of this hypothesis has only re- 
cently become possible with advances in esophageal 
Doppler techniques which permit near continuous 
monitoring of cardiac output. Therefore we assessed 
the time course and hemodynamic effects of alpha-1- 
adrenergic stimulation with bolus intravenous injec- 
tion of phenylephrine in patients with myocardial 
disease during coronary artery bypass graft surgery. 


Methods 


After institutional approval and informed patient 
consent, £0 bolus doses of (—) phenylephrine HCl 
(Winthror Laboratories, New York, NY 10016) were 
given to 18 patients undergoing elective coronary 
artery bypass graft surgery. All patients were pre- 
medicated within two hours of surgery with intra- 
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muscular morphine 0.1 mg-kg~', intramuscular sco- 
polamine 0.2-0.4 mg, and oral diazepam 0.015 
mg-kg~*. Oxygen at 2 liters/min was begun at the 
time of premedication and continued until induction 
of anesthesia. Patients were anesthetized with vari- 
ous anesthetics including fentanyl, sufentanil, en- 
flurane, and isoflurane; muscle relaxation prior to 
intubation was accomplished with vecuronium 0.1 
mg-kg~* in all patients. 

Following intubation of the patient’s trachea, a 
Lawrence L3000 Cardiac Output Monitor® (Law- 
rence Medical Systems, 1100 Avenida Acaso, Cama- 
rillo, CA 93010) probe was placed in the esophagus 
and positioned until maximal signal level was elicited 
from blood flow in the descending aorta. Blood 
velocity in the descending aorta was determined 
utilizing the Doppler shift of transmitted sound (7,8). 
In brief, the Doppler principle states that ultrasonic 
waves transmitted from a probe through the blood 
stream are reflected with a frequency shift due to 
moving erythrocytes. In general, reflected frequen- 
cies from blood moving toward a stationary probe 
appear higher, and reflected frequencies from blood 
moving away from a stationary probe appear lower 
than if neither object was moving. This change in 
frequency is called the Doppler shift. Velocity (V) of 
blood flow in the descending aorta can be determined 
by the Doppler velocity equation: V = (c/ 2f,cos@)(F4) 
where c = velocity of sound in blood (a constant), 
fo = the known frequency of the transmitted ultra- 
sound signal, Fa = Doppler frequency shift, 6 = angle 
of the probe to the blood vessel. In practice, making 
the probe as parallel to the vessel as possible by 
making the Doppler signal level as loud as possible, 
nearly eliminates the unknown 6 (if the angle is <20°, 
cos @ is approximately 1). The equation therefore 
reduces to the velocity of blood flow in the descend- 
ing aorta being directly proportional to a constant 
multiplied by the Doppler frequency shift. In clinical 
terms, the faster aortic blood moves past an esopha- 
geal Doppler probe, the greater the Doppler shift and 
the higher the recorded cardiac output. 

Prior to anesthetic induction, catheters were 
placed in a radial artery (20 gauge) and in the pulmo- 
nary artery (Edwards Swan-Ganz) with a central 
venous pressure (CVP) port in the mid-right atrium. 
Mean arterial pressure (MAP) and CVP were moni- 
tored using a Marquette Monitor® (Marquette Elec- 
tronics Inc.). The display of the Marquette Monitor® 
reflecting mean arterial pressure was updated ev- 
ery two seconds. Cardiac output (CO) was calcu- 
lated using the equation: Cardiac Output = (Heart 
Rate)-(Doppler Signal Level)-(Constant). Using re- 
search software (version 2.4) supplied by Lawrence 
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Medical Systems, heart rate (HR) and Doppler signal 
level were recorded every six heart beats. During 
calibration, initial cardiac output was measured 
using the mean of three consecutive thermodilution 
cardiac output measurements; the constant for 
each trial was then calculated. SVR is related to 
MAP, right atrial pressure (RAP), and CO by the 
equation: SVR = (MAP-RAP)/CO. This product was 
multiplied by 80 to convert from Woods units to 
dynes-sec-cm™”. 

In each trial, patients were randomized to receive 
50, 100, 150, or 200 wg intravenous phenylephrine. Of 
note, patients were initially randomized to receive 
only 50 or 100 yg phenylephrine but mid-way 
through the study when it became apparent that 
individual bolus doses of 150 or 200 ug phenyleph- 
rine could be given safely, these doses were added. 
Resulting group sizes were as follows: 50 yg Phe, 
n = 24; 100 wg Phe, n = 17; 150 ug Phe, n = 3; 200 ug, 
n= 6. 

After a bolus intravenous dose of phenylephrine 
was given centrally (via the sideport of an Arrow® 
pulmonary artery catheter introducer sheath), MAP, 
HR, Doppler signal level, calculated CO, and calcu- 
lated SVR were recorded every 5 seconds for a total of 
2 minutes. Ten minutes after the first trial, after all 
hemodynamic parameters had returned to baseline, 
CO was again calibrated using the thermodilution 
technique and another randomized bolus dose of 
phenylephrine was administered. 

Peak hemodynamic values and time to peak values 
were analyzed using repeated measures analysis 
of variance. The effect of patient characteristics 
on hemodynamic results was examined using the 
non-parametric Mann-Whitney U test for category 
data (medical condition, medications, and anes- 
thetics) and repeated measures analysis of variance 
for continuous data (age, ejection fraction, and 
baseline hemodynamics). Statistical analysis was 
controlled for unequal phenylephrine dose group 


‘size. When significance was revealed using analysis 


of variance, the exact P value was determined using 
unpaired two-tailed t-tests with Bonferroni correc- 
tion. 


Results 
General 


All patients had significant increases in MAP and 
calculated SVR, and significant decreases in CO dur- 
ing bolus phenylephrine administration. These re- 
sults will be examined in detail after an analysis of 
patient characteristics. There were no ischemic 
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Table 1. Patient Characteristics 


Characteristic All Patients* 
Age, years 63.2 + 5.6 
Medical Condition: 
Ejection Fraction, % 50.8 + 8.3 
Hypertension 14/18 
Diabetes 5/18 
Myocardial Infarction 11/18 
CHF 0/18 
Hemodynamics: 
MAP, mm Hg 74.4 + 7.8 
CVP, mm Hg 9.6 +33 
HR, beats-min`1 55.6 + 18.8 
CO, L-min™! 3.9 + 1.6 
SVR, dynes-secccm `? 1511 + 640 
Medications: 
Beta-adrenergic blockers 13/18 
Calcium channel blockers 12/18 
Nitrates 14/18 
Anesthetics: 
Ethrane/fentanyl 3/18 
Fentanyl 4/18 
Isoflurane 9/18 
Sufentanil 2/18 
“Mean + sp. 


events (premature ventricular contractions, EKG 
changes, or sustained hemodynamic changes) asso- 
ciated with intravenous phenylephrine administra- 
tion in any patient. Unless otherwise noted, all re- 
sults will be presented in terms of phenylephrine 
dose groups. 


Patient Characteristics 


Table 1 summarizes patient characteristics including 
age, medical condition, hemodynamics, medications, 
and anesthetic drugs. Of note, the mean ejection 
fraction in this group of patients was 50.8 + 8.3% 
(mean + sp), with a range of 32-63%. The effect of 
patient characteristics on MAP, SVR, and CO re- 
sponse to intravenous phenylephrine administration 
will be examined after an analysis of each of these 
variables alone. | 


Mean Arterial Blood Pressure Response 
to Phenylephrine 


All patients had significant increases in MAP above 
baseline levels in response to intravenous bolus 
phenylephrine (Fig. 1, Table 2). Significant differ- 
ences between groups (P < 0.05) occurred at 115 
seconds (50 ug vs. 200 ug phenylephrine). There 
were no significant differences between groups in 
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Figure 1. HEMODYNAMIC CHANGES AFTER BOLUS INTRA- 
VENOUS PHENYLEPHRINE ADMINISTRATION. The hemody- 
namic responses to bolus phenylephrine in a typical patient are 
presented. Mean arterial blood pressure (MAP) increased, cardiac 
output (CO) decreased, and systemic vascular resistance (SVR) 
increased in response to phenylephrine. These peak hemodynamic 
effects occured simultaneously approximately 42 seconds after 
phenylephrine bolus amusia lon, 


time to peak MAP. The maximal increase in MAP 
(+18.0 + 1.5 mm Hg, mean + SEM) seen in any 
phenylepkrine dose group occurred in patients re- 
ceiving 200 ug phenylephrine. Peak MAP occurred in 
all patienfs at 41.6 + 1.4 (mean + SEM) sec after 
intravenous phenylephrine injection. There were no 
significant differences between groups in time to 
peak change in i 


Cardiac Output Response to Phenylephrine 


Cardiac output decreased transiently in all patients, 
concurren: with peak MAP (Fig. 1, Table 2). There 
were no significant. differences in cardiac output 
between groups at any time interval, but a trend. 
toward a difference was noted between patient 
groups receiving 50 ug phenylephrine and 200 yg 
phenylephrine at 25 and 30 seconds. Time to maximal 


574 ANESTH ANALG SCHWINN AND REVES 
1989;68:571-8 
Table 2. Hemodynamic Changes After Bolus Intravenous Phenylephrine Administration 
A MAP (mm Hg) | A SVR (dynes-sec-cm~) ACO (L-min74) 
Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe 
Seconds SOug 100ug 150 ug 2200 ug 50 ug 100 wg 150 wg 200 ug 50 pg 100 ug 150 pg 200 ug 
0 0 0 0 0 0 0 0 0 0 0. 0 0 
5 —1.0 J 0 0 6 —38 —58 117 0 15 19 „21 
2 +5 +21 +34 +45 +106 +.05 +.17 +Ł.11 +22 
10 ~ 5 9 —1.0 7 29 41 —84 —115 — .09 01 14 22 
£5 +1.0 +.6 +1.6 +20 +39 +31 +111 +,04 +.05 +,08 + .59 
15 7 1.2 —1.7 2.3 50F 85 —110 —94 — 09 —-.11 Bed 25 
+.6 +1.4 +1.9 +27 +23 +70 +18 +125 +.05 +.08 my Ut +22 
20 2.6% 5.6* 1.0 3.7 122* 139 -15 —68 =,17* — 08 13 .26 
+1.0 +11.7 +4.6 +3.3 +32 +117 +66 +132 +07 +22 +,10 +.22 
25 6.6* 9,4* 27 5.3 296" 336* 53 4 = 50" — 4(* .06 22 
41.5 +1.8 +4,3 +3.8 +61 +88 +117 +145 +,10 +.14 +09 +.23 
30 9.7* 12.6" 8.7 9.5* 506* 501* 314 192 —.46* — 58" — 12 04 
+1.8 +1.8 +6.0 +2.8 +93 +78 +290 +150 +.12 +.14 +.24 +.24 
35 iio 14.4* 11.7 12.5* 647* 601* 645 491* — 56* — .€8* —.47 — 29 
+2.0 +21 +4,1 +2.44 +113 +97 +364 +176 412 +.15 20 + .24 
40 11.6* 14.6* 14.7" 16.0* 705* 635* 950 826* — 58" — .€8* —.73 — 48 
+21 +2.2 +2.4 +1.9 +126 +114 +344 +286 ate +13 + .20 +,19 
45 11.2* 15.6* 14.3* 17.3* 700* 667* 831 1239* — 56" — .€3" — 62" —.70* 
ERI +2.4 +1.2 +1.8 +123 +139 +257 +456 +11 +.11 +.16 +.14 
50 10.9* 15.6* 13:7* 18.0* 766* 685* 768 1490 — .55* — .€0* —.62* — 72" 
+1,9 +£2.6 £7 eai o, +190 +156 +231 +621 me Pa a +.07 #15 
55 10.2" 14.2* 12.7" 16.3* 597* 930* 627 1732 — .48* —.71* — ,52* —.77* 
+2.0 +2.8 +12 1:7 +102 +310 +162 +824 +,10 +.18 +.03 +.18 
60 8.8" 13.6* 12.0 13.87 538* 603* 504 1603 — .48* ~~ 49* — .37* — .68* 
+2.0 +2.8 +1.5 +2) +93 +167 +128 +856 +10 +11 +,03 2.21 
65 7.7* 13.8* 11.3 13.0* 490* 613* 472* 1426 — .47* ~ 47° — 38" —.62 
+2.0 +3.0 +19 +25 +93 +179 +123 +774 +.10 11 + .05 +.25 
70 7:0” 13.7* 10.3 13.3* 474* 587* 404 1202 — .40* — 44" — 31 — 49 
+22 +2.8 +2.0 +2.6 +96 +174 +91 +650 +0 o Sn +.02 +.23 
75 6.5* 13.3* 10.0 11.6* 451" 583* 328 509 — .45* ~ 49" —.16 —.33 
+2,1 +27 +2.1 +2.6 +93 +169 +90 +211 +,10 +l +,04 +17 
80 7,9* 13,1" 9.3 13.6* 478* 549* 314 415* —.45* — 4i* —,19* —.13 
+2.0 +2.8 +2.0 +2.4 +88 +175 £91 +131 +.10 +.11 +.02 +.18 
85 7.4* 13.2* 9.3 14.5* 439* 591* 311 837 —,41* ~~ 44* — 17" — 42" 
+2.0 +2.8 +2.0 +22 +79 +177 +80 +356 +.11 +.10 +03 +.16 
90 8.0* 12.9* 8.7 14.8* 456* 639* 286 745 —.42* — ,47* —.13 — 33 
+19 +3.1 +1.8 +2.4 +75 +196 +78 +315 +12 +.14 +,.07 +.15 
95 6.3* 14.6* 8.0 13.7* 386* 694* 324 756* — .40* — 48% —.24* — 44% 
+1.8 3:3 +15 +2.6 +72 +203 +91 +271 +1] +.13 +,03 #12 
100 5.7* 12.9* 7.0 13.3* 338* 595* 377 641 — .38* — 46% — 32 —.27 
+1.9 31 +2.5 +2.2 +73 +189 +159 +275 +,12 +.14 +.10 +.14 
105 5.2* 12.4* 6.3 13.5* 318* 576* 376 587 —.36" — 42" —.27 — 23 
+1.8 +2.9 +4.5 +2.6 +69 +192 +214 +255 12 +.14 +.20 422 
110 4.7 11.4* 6.3 14.2* 314* 529* 319 529* —.34* — 36" .—17 — i4 
+1.8 +2.8 +4,9 +3.0 +69 +174 +238 +205 +.12 + .13 +,22 +.16 
115 3.8 9.6" 6.0 14.3* 287* 355* 510 567* — 37" — 33" — 27 —.22 


+1.7 +£2.6 +4.6 +3.3 +60 +104 


+487 +209 +.13 +12 +.,46 22 





Mean + sem, *significant at the 95% confidence level from baseline. 


Groups: 50 yg Phe, N = 14; 100 ug Phe, N = 12; 150 pg Phe, N = 3; 200 ug Phe, N = 5. 
Abbreviations: Phe = phenylephrine, MAP = mean arterial pressure, SVR = systemic vascular resistance, CO = cardiac output, ug = micrograms. 


decrease in cardiac output occurred at 42.5 + 1.7 
(mean + sEM) seconds after phenylephrine injection 
in all patients; no significant differences were noted 
between groups in time to maximal decrease in 


cardiac output. The maximal decrease in cardiac 
output seen in any patient group (—0.77 + 0.18 
L-min~', mean + sEM) occurred in patients receiving 
200 ug phenylephrine. 
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AHA,50ug Phe 

AH3,100ug Phe 
AH3,150pg Phe 
AHA, 200ug Phe 


AHeart Rate, beats per minute 





seconds 


Figure 2. CHANGE IN HEART RATE AFTER BOLUS PHENYL- 
EPHRINE ADMINISTRATION. Heart rate (HR) decreased in all 
patients with the administration of bolus phenylephrine (Phe). 
These decreases were significant (P < 0.05) only in patients 
receiving 50 wg and 100 ug phenylephrine. Maximal decrease in 
heart rate occurred at approximately 49 seconds post phenyleph- 
rine, significantly (P < 0.05) later than other hemodynamic param- 
eters. ug = micrograms. 


Systemic Vascular Resistance Response 
to Phenylephrine 


Calculated systemic vascular resistance increased in 
all patients given bolus phenylephrine (Fig. 1, Table 
2). Peak SVR occurred concurrently with peak MAP. 
There were no significant differences in SVR between 
groups at any time period, but a trend toward a 
difference was noted between patient groups receiv- 
ing 50 wg phenylephrine and 200 ug phenylephrine 
at 50 and 55 seconds. The maximal increase in SVR 
(+1732 + 824 dynes-sec-cm™°, mean + SEM) seen in 
any patient group occurred in patients given 200 ug 
phenylephrine. Time to peak SVR occurred at 41.2 + 
1.4 (mean + sem) seconds after phenylephrine injec- 
tion in all patients; no significant differences were 
noted between groups in times to peak SVR. 


Heart Rate Response to Phenylephrine 


Heart rate decreased in all patients with the admin- 
istration of bolus phenylephrine (Fig. 2). Heart 
rate decreases were significant (P < 0.05) in patients 
receiving 50 wg and 100 ug phenylephrine, but 
did not reach significance in the patients given 
150 ug and 200 ug phenylephrine. Maximal decrease 
in heart rate occurred at 49.0 + 3.4 (mean + SEM) 
seconds in all patients, significantly (P < 0.05) later 
than either time to peak MAP or time to peak SVR. 
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Effect of Patient Characteristics on Hemodynamic 
Responses +o Phenylephrine 


The effects of patient characteristics on peak change 
in MAP, cardiac output, and SVR were evaluated for 
each phenvlephrine dose level. The presence of hy- 
pertension was associated with changes in MAP, 
SVR, and CO that were significantly smaller than 
in patients without hypertension in the lowest 
phenylephrine dose range. Age was negatively 
correlated with peak SVR in patients given 50 ug 
phenylephzine. Hence, older patients had less in- 
crease in SVR than younger patients. There was a 
positive correlation between ejection fraction and 
peak MAP and SVR in patients given 100 ug phen- 
ylephrine. Hence, the lower the ejection fraction, 
the less the increase in MAP and SVR ‘in these 
patients. Baseline cardiac output was negatively 
correlated with the change in cardiac output.. In 
other words, patients with low baseline cardiac 
outputs decreased their cardiac outputs further 
in response to phenylephrine than did patients 
with higher baseline cardiac outputs. And finally, 
patients with a high SVR at baseline increased 
their SVR and decreased their CO more after 
phenylephrine than did patients with lower baseline 
SVR. 


Effect of Anesthetic Agent on Peak 
Hemodynamic Values 


The effect of anesthetic agent on peak hemody- 
namic effezt after bolus phenylephrine administra- 
tion was also analyzed. Isofliirane- and sufentanil 
had ‘no effect on peak hemodynamic values. High 
dose fentanyl anesthesia (>50 g/kg) correlated pos- 
itively with AMAP at 50 wg phenylephrine and with 
ASVR at 100 ug phenylephrine. Hence patients 
receiving Aigh dose fentanyl increased MAP and 
SVR significantly more than patients receiving other 
anesthetics. Likewise, the combination of low dose 
fentanyl (<25 yg/kg) and ethrane was associated 
with higher peak AMAP and ASVR in patients receiv- 
ing 50 ug end 100 ug phenylephrine. There were not 
enough patients in groups given 150 and 200 ug 
phenylephrine to analyze for the effect of anesthetic 
agent. 


Discussion 
General 


In summary, phenylephrine intravenous bolus ad- 
ministraticn increases MAP, decreases CO, and in- 
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creases anea SVR in pane with ischemic heart 
disease. Why is it important to understand the beat- 
to-beat hemodynamic effects of phenylephrine? The 
answer to ‘this question is two-fold. First, it has been 
postulated. that in patients with ischemic heart dis- 
ease, bolus phenylephrine administration. may be 
accompanied by a rapid increase in SVR followed by 
a decrease in CO, with potentially little or no blood 
pressure change. Every patient in our study had a 
significant increase in mean arterial blood pressure 
with the administration of phenylephrine in spite of 
the presence of known ischemic heart disease and 
decreases in cardiac output. This disproves the null 
hypothesis that no change in MAP would be seen in 
patients with myocardial disease. This is important 
clinically since it implies that in patients with myo- 
cardial disease, a decréase in CO will be accompanied 
by a simultaneous increase in blood pressure when 
phenylephrine is administered. 

Secondly, in studies on alpha-adrenergic respon- 
siveness using a bolus phenylephrine technique, it is 
imperative to understand the timing of measureable 
events such as blood pressure, CO, and calculated 
SVR. This study describes: for the first time the 
dynamic characteristics of alpha-1-adrenergic stimu- 
lation with phenylephrine bolus administration. Peak 
MAP, peak SVR, and trough CO occurred simulta- 
neously at approximately 42 seconds after adminis- 
tration of bolus phenylephrine. 


Esophageal Doppler Method for Measuring 
Cardiac Output 


The method of measuring CO using esophageal Dopp- 
ler has been validated in several studies (7,9-12). It 
was chosen in this study because it provided an easy, 
clinically applicable technique for continuously mea- 
suring CO as compared to the intermittant thermo- 
dilution method. This is especially important when 
bolus doses of pressors such as phenylephrine are 
used, since ‘several seconds are required to measure 
cardiac output using the thermodilution method. 
Also it is impossible to predict when the peak blood 
pressure effect of an alpha—adrenergic agonist will 
occur, making simultaneous measurement of peak 
MAP and CO almost impossible using thermodilu- 
tion methods. However, some investigators question 
the use of ésophageal Doppler for measuring CO 
(13,14) particularly in studies where pressors are used 
since increased blood pressure may increase the 
diameter of the descending aorta (14). Theoretically, 
if aortic diameter increases, blood velocity in the 
descending aorta would decrease causing a decreased 
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Doppler shift and an artificially decreased cardiac 
output (and hence larger ACO). A recent study (14) 
done on sheep, using pizoelectric crystals to contin- 
uously measure aortic diameter, showed that over 
the range of MAP between 40 mm Hg and 175 mm 
Hg the relationship between thermodilution cardiac 
output (TD) and esophageal Doppler cardiac output 
(DE). could be expressed by the equation TD/DE = 
0.466 + 0.005 MAP. Using this equation, esophageal 
Doppler will only underestimate thermodilution car- 
diac output once MAP increases above 106.8 mm Hg. 
None of the patients in our study had blood pres- 
sures this high, and so this theoretical problem in 
study design was not realized clinically. 


Heart Rate Response to Phenylephrine 


Heart rate decreased significantly in patients receiv- 
ing phenylephrine. While this study was not de- 
signed to assess baroreflex responses to phenyleph- 
rine, this finding supports the classic baroreflex 
response to phenylephrine reported in several stud- 
ies (15-17). Since HR was included in determination 
of CO by the equation: CO = (HR)-(Doppler Signal 
Level)-(Constant), changes in HR were reflected in 
changes in both CO and SVR values. Hence, HR was 
not a confounding factor in this study. 


Effect of Patient Characteristics on Hemodynamic 
Responses to Phenylephrine 


Several effects of patient characteristics on hemody- 
namic responses to phenylephrine were observed in 
this study. It is important to note here that stringent 
statistical analysis criteria were used in evaluating 
this question in order to avoid Type I errors (rejecting 
the null hypothesis [i.e., finding a significant effect of 
patient characteristics on hemodynamic responses] 
when the null hypothesis is true [i.e., when no effect 
of patient characteristics actually exists]). As a result, 

only certain phenylephrine dosage levels were found 
to be statistically significant with regard to patient 
characteristics. More patients (larger n) would be 
required to determine if these associations occur over 
all dose ranges studied. 

The presence of hypertension was associated with 
changes in MAP, SVR, and CO that were smaller 
than in patients without hypertension in the lowest 
phenylephrine dose range. Since one explanation of 
the vascular response to chronic hypertension is the 
presence of volume contraction, elevated plasma cat- 
echolamine levels, and increased tonic contraction of 
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the vasculature (18-20), this result is not surprising. It 
can be postulated that previously contracted periph- 
eral vessels may be only able to contract a smaller 
amount than previously uncontracted vessels. A 
smaller change in afterload in hypertensive patients 
may also result in smaller decreases in CO. Our 
results support this hypothesis. 

Age was negatively correlated with peak SVR in 
patients given 50 ug phenylephrine; that is, elderly 
patients had less increase in SVR than did younger 
patients. Since age has been associated with progres- 
sive reductions in vascular distensibility, chronically 
elevated plasma levels of catecholamines, and poten- 
tially decreased vascular responsiveness (21-26), this 
may account for the smaller increase in SVK in 
response to phenylephrine in elderly patients seen in 
this study. Of note, baseline SVR was not signifi- 
cantly influenced by age in our patient population. 

Two measures of cardiac function, EF and CO, had 
similar effects on hemodynamic responses to phenyl- 
ephrine. A positive correlation was present between 
EF on the one hand and MAP and SVR on the other 
hand in patients given 100 wg phenylephrine. Hence, 
the lower the EF, the less the increase in MAP and 
SVR seen in response to IV phenylephrine in these 
patients. There is evidence that anesthetized patients 
with poor ventricular function have impaired alpha- 
l-adrenergic responsiveness (27); this could account 
for the results seen in this study. In addition, baseline 
CO was negatively correlated with change in cardiac 
output; in other words, patients with low baseline 
CO decreased their CO further in response to phen- 
ylephrine than did patients with higher baseline CO. 
This seems intuitively obvious. Patients with poor 
ventricular function are least able to cope with in- 
creases in afterload presented to the left ventricle. In 
spite of this finding, patients with low baseline CO 
did increase MAP in response to phenylephrine. This 
may be important clinically in the setting of hypoten- 
sion where phenylephrine may be used to increase 
blood pressure acutely in patients with low CO 
before more definitive methods of increasing CO are 
instituted for ultimate correction of the hypotension. 

Patients with high baseline SVR increased SVR 
and decreased their CO further after phenylephrine 
more than did patients with lower baseline SVR 
levels. At first this finding appears to contradict the 
results seen in the hypertensive and elderly patients. 
However, chronically elevated plasma levels of cate- 
cholamines are present in patients with hypertension 
and in the elderly (18,19,22) and this may possibly 
lead to vascular hyporesponsiveness. However, pa- 
tients who are young and not hypertensive can be 
anxious prior to surgery and this can lead to acutely 
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increased baseline SVR levels. Such patients may 
require less phenylephrine to further increase their 
SVR as is seen in this group of patients in our study, 
although this can be determined only with further 
studies. 


Effect of Anesthetic Agent on Peak 
Hemodynamic Values 


Both high dose fentanyl (>50 ug-kg~*) and low dose 
fentanyl (<25 yg-kg~*) combined with enflurane 
were associated with significantly larger AMAP and 
ASVR than other anesthetic agents. This suggests 
that fentanyl interferes less with phenylephrine 
agonism at the a,-adrenergic receptor than the other 
anesthetic agents used. Since this study was not 
designed to look specifically at anesthetic agent ef- 
fects on a-adrenergic responsiveness, the number of 
patients in each anesthetic group was small. This, 
combined with the lack of a control (unanesthetized 
group) and knowledge that isoflurane vasodilation is 
not mediated via the a,-adrenergic receptor (29), 
prevents further speculation about the effect of anes- 
thetics on the hemodynamic responses to phenyleph- 
rine from this study. 

In conclusion, this study describes for the first time 
the dynamic characteristics of alpha-l-adrenergic 
stimulation with phenylephrine bolus administration 
in patients with myocardial disease. Phenylephrine 
intravenous bolus administration increases mean ar- 
terial blood pressure, decreases cardiac output, and 
increases calculated systemic vascular resistance in 
patients with ischemic heart disease; these peak he- 
modynamic effects occur simultaneously approxi- 
mately 42 seconds after phenylephrine administra- 
tion. This is important clinically since it shows that in 
spite of a transient decrease in cardiac output, phen- 
ylephrine bolus administration is accompanied by a 
simultaneous rise in blood pressure in patients with 
myocardial disease. 
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The role of the liver and the kidney in alfentanil metabolism 
has not been defined. The effects of cholestatic hepatic 
disease and chronic renal failure on the pharmacokinetics of 
alfentanil were evaluated in 9 children undergoing liver 
transplantation and 10 children undergoing kidney trans- 
plantation. These findings were compared with data from 
10 children with normal hepatic and renal function under- 
going other surgical procedures. There was no statistical 
difference among the 3 groups with respect to apparent 
volume of distribution, half-life, or clearance. In a subgroup 


In addition to the effects of age, disease processes can 
greatly influence the disposition and elimination of 
opioid compounds. Alfentanil undergoes N-dealky- 
lation and is eliminated almost exclusively by the 
liver. Approximately 1% of the drug appears un- 
changed in the urine (1-3). The pharmacokinetics of 
alfentanil have been shown to differ markedly -in 
adult surgical patients with alcoholic hepatic disease 
or renal insufficiency compared with control patients 
(1,4). At present, there are no published reports of 
alfentanil pharmacokinetics in children with hepatic 
or renal failure. However, in healthy children under- 
going routine surgery, alfentanil has been reported to 
have a small volume of distribution, short elimination 
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of 3 patients undergoing liver transplantation alfentanil 
kinetics were determined both before and after the allograft 
was incorporated into the recipient's circulation. Though 
both volume əf distribution and elimination half-life in- 
creased in the vosttransplantation period, only the decrease 
in clearance was statistically significant. Thus, it appears 
that alfentanil may be a useful anesthetic agent in pediatric 
patients with cholestatic hepatic disease or chronic renal 
failure. The dase of alfentanil in these patients need not be 
altered except in the period immediately after liver trans- 
plantation. 


Key Words: ANESTHESIA—pediatrics. 
ANESTHETICS, INTRAVENOUS—alfentanil. 
PHARMACOKINETICS—alfentanil. KIDNEY, 
RENAL FAILURE—alfentanil. LIVER, HEPATIC 
FAILURE—alfntanil. 


half-life, ard stable cardiovascular properties (5-7). 
These phazmacologic attributes make alfentanil a 
potentially useful anesthetic in pediatric patients with 
either hepetic or renal disease. This study was de- 
signed to evaluate the pharmacokinetics of alfentanil 
in pediatriz patients undergoing hepatic or renal 
transplantation. 


Methods 


With the approval of the institutional review board 
and the informed written consent of a parent, 29 
patients were studied in three groups. Group 1 
consisted cf 9 patients with cholestatic hepatic dis- 
ease (7 with biliary atresia, 1 with a,-antitrypsin 
deficiency, and 1 with Wilson’s disease). They ranged 
in age from 9 months to 15 years (mean + SD, 
4.6 + 4.5 vears) and were scheduled to undergo 
orthotopic liver transplantation. Table 1 summarizes 
the clinical features of these patients. Group 2 com- 
prised 10 children with endstage renal disease requir- 
ing either peritoneal dialysis or hemodialysis sched- 
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Table 1. Clinical Characteristics of Patients With Liver Disease 


Age SGPT 
(years) Diagnosis* IU 
3 BA 139 
2.5 BA 163 
5 BA 138 
1.5 BA 84 
7 BA 197 
0.75 BA 78 
0.75 BA 137 
6 AD 126 
15 WD 188 


DAVIS ET AL. 

Alk® Bili (t/d)° Albumin PTS 
IU (mg/dL) (g/dL) (%) 
70 32.4/23.6 3.8 116 
1245 1.5/0.8 3.9 116 
1270 32/18 3.6 116 
750 16.2/10.7 3.3 108 
514 9.6/7.6 3.5 116 
— 21/18 2.8 133 
589 47/42 3.5 141 
465 1/0.3 3.7 118 
56 37/34 2.0 166 


“BA, biliary atresia; AD, a,-antitrypsin deficiency; WD, Wilson's disease. 


>Bilirubin (total/direct). 
“PT, prothrombin time, expressed as percent of control. 


uled to undergo kidney transplantation. Their mean 
age was 12.6 + 3.2 years. The mean blood urea 
nitrogen and creatinine levels in these patients were 
72 + 22 and 9.4 + 3.3 mg/dL respectively. Group 3 
included 10 children aged 9 months to 10 years (mean 
+ sp, 5.0 + 2.8 years) who required invasive moni- 
toring for surgical procedures. They had no evidence 
of hepatic or renal disease. 

In all groups, anesthesia was induced with nitrous 
oxide, oxygen, and halothane. After an intravenous 
catheter had been inserted, halothane was discontin- 
ued and fentanyl or sufentanil and pancuronium 
were administered. An arterial catheter was then 
inserted. Alfentanil (25-100 ug/kg) was administered 
over 30 sec into a peripheral vein. Arterial blood 
samples were obtained at 1, 2, 3, 5, 7.5, 10, 12, 15, 20, 
30, 45, 60, 90, and 120 min after injection. The 
sampling period was truncated at 120 minutes be- 
cause at that time liver transplant patients begin to 
have blood loss approaching 10% of the calculated 
blood volume. Any patient whose blood loss ex- 
ceeded 10% of the blood volume before 120 minutes 
was excluded from the study. In 3 of the 9 patients 
undergoing liver transplantation, after the trans- 
planted liver had been reperfused and cardiovascular 
stability and hemostasis achieved, a second dose of 
alfentanil identical to the first was administered in- 
travenously over 30 sec. Arterial blood samples for 
alfentanil determination were obtained just before 
the injection (T0) and at 1, 2, 3, 5, 7.5, 10, 12, 15, 20, 
30, 45, 60, 90, and 120 min after the infusion. In all 3 
patients, this second injection was at least 12-24 
hours after the first and 8-12 hours after reperfusion 
of the grafted liver. 

In the patients undergoing kidney transplantation 
arterial blood samples were collected until incorpora- 
tion of the transplanted kidney into the donor circu- 
lation. In an effort to compare kinetic parameters 
determined during analogous time periods, we re- 


port values obtained from samples taken 120 min 
after the injection of alfentanil. 

Blood samples were immediately separated, and 
the plasma was stored at —60°C. All samples were 
measured in duplicate. Alfentanil concentrations 
were determined with a specific radioimmunoassay 
(8). This assay accurately detects 0.1 ng/kg of alfen- 
tanil with interassay and intraassay coefficients of 
variation of 4% and 3%, respectively. It was verified 
that antibodies directed to alfentanil failed to bind 
fentanyl or sufentanil to any extent. 

The pharmacokinetic data were analyzed with a 
model-dependent computation using a Niazi program : 
with a logarithm non-linear regression analysis (9). The 
decay curve for alfentanil concentration from time 0 to 
120 minutes was evaluated. This curvilinear form was 
best described by a biexponential equation, and the 
goodness of fit was obtained from the coefficient of 
determination. In all patients, the weighted sum of the 
squares was not sufficiently reduced by the addition of 
a third compartment. The pharmacokinetic parameters 
were determined by standard formulas. The area under 
the concentration-time curve (AUC) was calculated us- 
ing the trapezoidal rule from t = 0 to t = 120 and from 
t = 0 to ~ clearance (Cl) as Clo = dose/AUC),,; 
apparent volume of distribution (Vdj.9) as Vdiz = 
dose/B(A/a + B/B); distribution half-life (tpa) as tra = 
0.693/a; and elimination half-life (tg) as tyg = 0.693/8. 
A one-way analysis of variance was performed to 
determine the statistical significance of differences 
among the 3 groups, and a Student t-test was per- 
formed to determine statistical significance between the 
before and after hepatic transplantation periods (10). 
Statistical significance was assumed for P < 0.05. 


Results 


For all 3 groups the plasma concentration curve could 
best be described by a biexponential equation, with 
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Table 2. Pharmacokinetics of Alfentanil in Children 
With Hepatic Disease (Group 1), Children With Chronic 
Renal Failure (Group 2), and Normal Control Patients 
(Group 3) 


Chie 
ti/2a t 1728129 (mL/ Vdi20 
(min) (min) kg/min) (L/kg) 
Group 1 2.7 +1.0 45.8 + 13.3 7.59+3.6 0.46 + 0.16 
Group2 3.4+1.7 415+11 8.2 +4.4 0.45 + 0.10 
Group3 3.3+2.5 416+ 16 7.29+43 0.40 + 0.21 
“Mean + sD. 


the goodness of fit for the curves being 0.97 + 0.03. 
The ratio of the area under the concentration time 
curve at 120 minutes and infinity (AUC,.)/AUC.,) was 
0.84 + 0.08 for the hepatic disease pre-transplant 
patients, 0.71 + 0.17 for the post-transplant patients, 
0.90 + 0.07 for the renal failure patients and 0.90 + 
0.05 for the control patients. Table 2 summarizes the 
pharmacokinetic data. There was no statistically sig- 
nificant difference in clearance, apparent volume of 
distribution, or half-life among the 3 groups. 

In the 3 patients (Table 3) undergoing liver trans- 
plantation (Group 3) in whom kinetics were deter- 
mined before and after transplantation, the plasma 
concentration of alfentanil at Tọ prior to the post- 
transplantation injection was less than the sensitivity 
of the assay. Though increases in apparent volume of 
distribution (0.47 + 0.23 L/kg vs 0.83 + 0.55 L/kg) and 
terminal elimination half-life (41 + 19 min vs 82 + 38 
min) were observed in these patients, only the de- 
crease in clearance (11.2 + 2.7 mL-kg~*-min™’ vs 7.0 
+ 3.8 mL-kg~*-min~’) was statistically significant. 


Discussion 


Though the liver is the major site of drug biotrans- 
formation, the effects of hepatic dysfunction on drug 
elimination and disposition are inconsistent (11). The 
degree of liver dysfunction as well as a drug’s ability 
to bind to plasma proteins are important variables in 
determining drug kinetics in patients with liver dis- 
ease. For drugs with a high hepatic extraction ratio, 
hepatic clearance is sensitive to changes in hepatic 
blood flow; while for drugs with a low hepatic extrac- 
tion ratio, hepatic drug clearance becomes a function 
of intrinsic hepatic enzyme activity and protein bind- 
ing (11). Thus, the reported inconsistent effect of liver 
disease on drug pharmacology may be a function of 
the heterogeneous pathophysiology of liver disease 
with respect to hepatocellular function, protein bind- 
ing, and hepatic blood flow. For hepatic diseases that 
preserve hepatic blood flow but impair hepatocellular 
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function, th2 pharmacokinetic profile of a drug with a 
high hepatiz extraction ratio will be relatively unaf- 
fected. But for a drug with a low hepatic extraction 
ratio, similar hepatic pathophysiologic impairment 
would result in a pronounced alteration in the drug’s 
disposition and elimination. 

The effects of liver disease on the disposition and 
elimination of narcotics have been studied in adults. 
Habener et al. (12) studied fentanyl pharmacokinetics 
in adult surgical patients with cirrhosis. They noted 
that fentanyl had a high hepatic extraction ratio and 
its kinetics were unaffected by cirrhosis. Whether this 
lack of effect was a function of the patient’s underly- 
ing hepatic disease and relative preservation of he- 
patic blood flow or alternatively a function of fen- 
tanyl’s characteristic large peripheral compartment 
and small central compartment (which make little 
drug available for hepatic clearance) is unclear. 

Patwardhan et al. (13) have described the effects of 
liver disease on morphine kinetics in both nonsur- 
gical cirrhotic patients and normal volunteers. Com- 
pared with normal subjects, patients with moderate 
to severe cirrhosis had a normal elimination and 
disposition of morphine but a prolonged elimination 
half-life and decreased clearance of indocyanine. 
Since morphine is a highly extracted drug and its 
clearance depends on hepatic blood flow, the authors 
postulated that morphine has extrahepatic sites of 
metabolism in the gastrointestinal tract and kidney. 
In a report of 2 children undergoing liver transplan- 
tation Shely et al. (14) noted that morphine was 
metabolized rapidly. One of these patients had im- 
paired renal function, and morphine metabolites 
(morphine 3-glucuronide and morphine 6-glucuro- 
nide) were noted to accumulate. The accumulation of 
these metabolites was associated with prolonged nar- 
cosis. 

The effects of alcoholic cirrhosis on alfentanil me- 
tabolism in adult surgical patients have been de- 
scribed by Ferrier et al. (1). Compared with control 
patients, cirrhotic patients demonstrated a similar 
apparent volume of distribution but significantly 
lower plasma clearance (1:6 + 1.0 mL-kg~*-min™’ vs 
3.1 + 1.6 mL-kg™*-min™’) and longer elimination 
half-life (90 + 18 min vs 219 + 128 min). In addition, 
the protein binding was less in cirrhotic patients than 
in the control group. When the kinetic parameters 
were corrected for protein binding, the unbound 
volume of distribution and the free drug clearance 
were decreased in the patients with cirrhosis. Our 
findings contrast with those reported by Ferrier et al. 
(1). Though we did not measure protein binding and 
therefore cannot comment on the pharmacokinetics 
of the unbound fraction, we note that in children, the 
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Table 3. Pharmacokinetics of Alfentanil in Three Patients Before and After Liver Transplantation’ 
tia £12815 Cli20 Vdiz0 
(min) (min) (mL/kg/min) (Likg) 
Before transplantation 2.9 + 0.63 41 +19 12 227 0.47 + 0.23 
After transplantation 4.3 + 0.95 82 + 38 7.0 + 3.8* 0.83 + 0.55 


*Mean + sp. 
*P < 0.05 compared with value before transplantation. 


overall pharmacokinetic profile of alfentanil was un- 
affected by cholestatic liver disease. Differences in our 
results and those of Ferrier et al. (1) may be related to 
the age of the patients, differences in the length of 
plasma sampling times (2 vs 10 hours) and/or to the 
differences in the underlying pathophysiology of the 
respective liver diseases, i.e., hepatocellular dysfunc- 
tion (alcoholic cirrhosis) and cholestatic liver disease. 

Studies have shown that hepatic blood flow is 
quite variable in adult patients with acute or chronic 
liver disease (15). In addition, liver disease can alter 
protein binding either by changing binding concen- 
tration or protein configuration or by producing pro- 
tein binding inhibitors (11,15,16). Since alfentanil is a 
drug of intermediate hepatic extraction (17,18), 
changes in blood flow, protein binding, and intrinsic 
liver activity are all factors that can affect its pharma- 
cokinetic profile. Thus, to explain the observed phar- 
macokinetic variability, both between individuals 
with identical hepatic disease and within individuals 
over time, will require a better understanding of the 
pathophysiologic basis of liver disease. 

In a small subgroup of patients we determined 
alfentanil kinetics before and after replacement of the 
diseased liver. In an effort to compare kinetic param- 
eters obtained during an analogous interval, we re- 
port the posttransplantation values from samples 
obtained until 120 minutes after the second injection. 
Though all the kinetic parameters changed after in- 
corporation of the donor liver into the recipient’s 
circulation, only the decrease in plasma clearance was 
significant. Whether this observed decrease in clear- 
ance in a limited number of patients is an indicator of 
incomplete allograft function, a consequence of in- 
jury during organ procurement and preservation, or 
an effect of massive blood transfusion and altered 
protein binding is unclear and will therefore require 
further evaluation. 

The pharmacokinetic profile of narcotics also may 
be altered in renal disease (19-21). Because of the 
pathophysiologic changes associated with renal fail- 
ure, patients with chronic renal failure frequently 
have alterations in protein binding, in the volumes in 
which drugs distribute, and in the clearance rates in 
which drugs are eliminated. Chauvin and others 
have studied the pharmacokinetics of alfentanil and 


morphine in adult patients with renal insufficiency 
(19,20). For morphine, they found that patients with 
chronic renal failure had similar rates of clearance and 
half-lives but significantly smaller steady-state vol- 
umes of distribution, compared with age- and 
weight-matched control patients. Although chronic 
renal failure did not alter the elimination of un- 
changed morphine, metabolites of morphine accu- 
mulated at higher plasma levels and for longer time 
periods in the patients with chronic renal failure. 

As with morphine, the pharmacokinetics of alfen- 
tanil in adults with renal failure demonstrated similar 
clearance and half-life but larger steady-state volume 
of distribution compared with the values in normal 
control patients. When the kinetic parameters of 
alfentanil were corrected for protein binding, the 
volume of distribution and clearance rate for the 
unbound drug were similar in the 2 groups (20). Little 
information is available on the pharmacokinetics of 
opioids in children with renal failure. In a study of 
sufentanil kinetics in adolescent patients undergoing 
kidney transplantation, Davis et al. (21) reported no 
statistical significance with regard to differences in 
clearance, elimination half-life, or volume of distribu- 
tion in patiénts with normal versus abnormal renal 
function, though the kinetics in patients with chronic 
renal failure did demonstrate a wide variability. Simi- 
larily the present study suggests that renal disease 
does not affect the pharmacologic profile of alfentanil 
in children. These findings contrast with the findings 
in adults with renal failure reported by Chauvin et al. 
(20). 

We acknowledge that the length of our sampling 
time may have affected the calculated pharmacoki- 
netic parameters of alfentanil. Unfortunately, the 
sampling time was limited by the constraints of the 
surgical procedure. In the liver transplant patients we 
elected to end the sampling period when the patients’ 
blood loss approached 10% of the estimated blood 
volume. In the kidney transplant group we specu- 
lated that both the absence of renal function and the 
revascularization of the transplanted kidney would 
influence the kinetics of alfentanil. We therefore 
limited sampling to the anephric period. In an at- 
tempt to compare kinetic parameters among the 3 
groups, analogous time intervals were chosen, and 
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the pharmacokinetic data were obtained from sam- 
ples taken during the first 120 minutes postinjection. 
Although for the 3 groups the area under the concen- 
tration time curve at 120 minutes (AUC,,,) represents 
84-90% of the area under the extrapolated curve of 
concentration vs the time at infinity (AUC,,), it must 
be noted that all our pharmacokinetic calculations, 
though descriptive of the clinical situation, may not 
truly represent the drug’s terminal disposition pro- 
file. For this reason we have characterized these 
pharmacokinetic estimates with a sampling-time sub- 
script (e.g., Wd). 

Cholestatic hepatic disease and chronic renal fail- 
ure with underlying alterations in fluid and electro- 
lyte homeostasis, disturbances in regional blood 
flow, and changes in organ function, do not appear to 
alter the disposition and elimination of alfentanil in 
children. Thus, in these children, alfentanil may be a 
useful anesthetic agent and its dosage need not be 
altered. In patients immediately after liver transplan- 
tation, however, alfentanil clearance appears to be 
altered. Whether the observed pharmacokinetic 
changes are a consequence of incomplete allograft 
function or of massive blood transfusion is yet un- 
clear. 


We thank Ms. Lisa Cohn for editorial assistance and Ms. Suzanne 
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sufentanil Does Not Block Sympathetic Responses to Surgical 
Stimuli in Patients Having Coronary Artery 


Revascularization Surgery 
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SONNTAG H, STEPHAN H, LANGE H, RIEKE H, 
KETTLER D, MARTSCHAUSKY N. Sufentanil does not 
block sympathetic responses to surgical stimuli in patients 
having coronary artery revascularization surgery. 

Anesth Analg 1989;68:584-92. 


The effects of a moderate dose of sufentanil (1 ug-kg~* + 
0.015 pg-kg*.min~*) plus nitrous oxide (30% O,/ 
70% N,O) anesthesia (group I; n = 8) and of high- 
dose sufentanil/O, anesthesia (10 pgkg 7 + 0.15 
pg-kg—?.min~*) without NO (group I; n = 8) on cardio- 
vascular dynamics, myocardial blood flow, myocardial ox- 
ygen consumption, myocardial lactate balance, and hypo- 
xanthine release were studied in two groups of male patients 
scheduled for elective coronary artery bypass surgery. All 
patients were on maintenance doses of calcium channel 
blockers and nitrates with the last doses of medications 
given the morning of operation. All patients were preme- 
dicated with flunitrazepam (2 mg orally), piritramide (7.5 
mg IM) and promethazine (25 mg IM). Measurements were 
performed before the induction of anesthesia with the pa- 
tients premedicated but awake; 20 min after induction of 
anesthesia with sufentanil plus pancuronium 0.1 mg-kg~* 
for muscle relaxation before surgery; and during sternot- 
omy and sternal spread. Sufentanil at either dose decreased 
mean arterial pressure, as well as cardiac and stroke volume 
index while heart rate remained unchanged. Following the 


Sufentanil is a synthetic opioid of particular interest 
as an anesthetic for patients with coronary artery or 
valvular heart disease because of its specificity as an 
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induction myocardial blood flow and myocardial oxygen 
consumption decreased 23% (79 ml-min™1-100 g~* to 61 
ml-min~*.100 g~* and 28% (9.2 ml O,-min~1.100 977 to 
6.6 ml Oz-min™'.100 g7) in group I and 14% (78 
ml-min~?-100 g~? to 67 ml-min—?-100 g~* and 18% (8.7 
ml O,-min~'-100 g~? to 7.1 ml O,-min~?-100 g71) in 
group II. Myocardial ischemia was seen in one patient of 
group II (patient No. 4), as indicated by a hypoxanthine 
release into the coronary sinus, when after the induction 
MAP decreased from 93 to 67 mm Hg and heart rate 
increased from 56 to 71 min~*. During sternotomy 8 of 16 
patients (50%) developed hypertension and 9 of 16 patients 
(56%) showed signs of myocardial ischemia, i.e., a lactate 
andlor hypoxanthine release. Ischemia was related to hyper- 
tension in three patients but occurred in six patients 
without significant alterations in heart rate, PAP, PCWP, 
or arterial pressures. These data demonstrate that sufenta- 
nil, like fentanyl, produces incomplete anesthesia in pa- 
tients with coronary heart disease and is not able to protect 
the myocardium adequately from autonomic sympathetic 
responses, even though sufentanil has the advantage of 
having more rapid onset of action than fentanyl. 


Key Words: ANESTHESIA—cardiac. 
ANESTHETICS, InrRAVENOUS—sufentanil. 
HEART—blood flow, oxygen consumption. 
SURGERY—coronary artery bypass grafting. 


analgesic and its lack of cardiovascular side effects (1- 
3). These characteristics derive from a significantly 
higher affinity to stereospecific binding sites with 
minimal degree of non-specific binding activities and 
a slower dissociation from the receptor than fentanyl 
(4). The higher analgetic potency (5) and receptor 
specificity of sufentanil have been suggested as pro- 
viding better blockade of uncontrolled cardiovascular 
responses to noxious stimuli than fentanyl, which, 
even in high doses, may not prevent hypertension 
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Table 1. Patient Data 


Body ASA 
surface physical 
Group Sex Age area (m°) status 
1 M 54 1.97 Hl 
1 M 56 2.01 m 
1 M 38 1.71 I 
1 M 51 1.93 I] 
1 M 56 1.92 m 
1 M 47 1.97 HI 
1 M 47 2.05 IJ 
1 M 56 2.03 Hl 
2 M 46 1.92 HI 
2 M 42 1.87 JI 
2 M 49 1.87 IH 
2 M 52 2.08 II 
2 M 57 1.61 II 
2 M 49 1.83 Ii 
2 M 40 2.07 I 
2 M 45 2.17 M 
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Cardiac Previous EF LVEDP 
Meds Infarction (%) (mm Hg) Grafts 
Ni/N 1 55 13 4 
D/N 1 50 12 3 
D/N 1 65 13 2 
Ni/N 0 70 12 3 
Ni/N 2 55 14 3 
Ni/N 2 55 13 2 
DIN 0 65 12 3 
NIN 1 55 13 4 
Ni/N 2 50 13 3 
D/N 0 55 13 4 
Ni/D 0 60 13 3 
DIN 1 55 14 2 
Ni/N 1 70 12 2 
Ni/N 1 70 13 3 
Ni/N 0 75 12 2 
D/N 1 55 14 3 


Abbreviations: Ni, nifedipine; D, diltiazem; N, nitrates; EF, ejection fraction; LVEDP, left vertricular end-diastolic pressure. 


and tachycardia with associated changes in myocar- 
dial energy demand from occurring in response to 
surgical stimulation (6,7). 

Slogoff and Keats (8) using analysis of the S-T 
segment during various types of anesthesia reported 
that myocardial ischemia could occur without any 
hemodynamic changes and that, while there was also 
a close relationship between myocardial ischemia and 
tachycardia, myocardial ischemia was not related to 
hypertension or hypotension. Their results empha- 
size the importance of the detection of ischemia in 
patients with coronary heart disease to optimize 
perioperative management. Other studies have re- 
vealed, however, that ECG changes are not always 
reliable for the detection of ischemia (9—11). 

Because none of the previous studies has clearly 
established the relationship between hemodynamic 
stability and the dose of sufentanil required during 
coronary revascularization surgery, when used as a 
sole anesthetic in patients with coronary heart dis- 
ease (12,13), this study was designed to investigate 
the effects of either a moderate dose of sufentanil 
combined with nitrous oxide or a high dose of sufen- 
tanil alone on myocardial blood flow, myocardial 
oxygen consumption and oxygen balance in patients 
undergoing coronary artery bypass surgery. In addi- 
tion coronary blood flow, myocardial oxygen con- 
sumption and oxygen balance, lactate, and hypoxan- 
thine (a degradation product of ATP and thus 
another sensitive marker of ischemia) were measured 
in the arterial and coronary venous blood as indices 
of anaerobic myocardial metabolism (14-16). Evalua- 
tion of the ECG as a less sensitive parameter was 
omitted from this study. 


Methods 


The study was approved by the Göttingen Human 
Subject Review Committee. Written informed con- 
sent was obtained from each patient at the time of the 
preoperativ? visit. In‘a randomized study one of two 
different deses of sufentanil (1 yg-kg~' followed by 
0.015 ug-kg~'-min™* and 10 wg-keg~* followed by 0.15 
ug-kg~*-min™") was administered to one of two 
groups of patients with stable angina (ASA physical 
status II-III) scheduled for coronary artery bypass 
surgery. Eazh group consisted of eight males, rang- 
ing in weigat from 52-91 kg (mean 76 kg) and from 
66-90 kg (mean 79 kg) (Table 1). The moderate dose 
of sufentan:] was administered to group I, the high 
dose to group IJ. There were no significant differ- 
ences in age, weight, body surface area, and ASA 
physical status in the two groups. Four patients in 
group I and five patients in group II had angiographic 
evidence of left ventricular hypokinesis. No patient 
had a history of congestive heart failure, valvular 
heart disease, liver disease, or metabolic disorders. 
All patients were being treated with maintenance 
doses of calcium channel blockers (nifidepin 20-60 
mg/d or diltiazem 120-180 mg/d) and nitrates (40-160 
mg/d), the last doses of which were administered the 
morning of surgery. 

All patients were premedicated with flunitrazepam 
(2 mg orally), piritramide (7.5 mg IM), and prome- 
thazine (25 mg IM) one hour before they arrived in the 
induction rcom. ECG leads (lead II) were attached and 
processed EEG (temporalparietal leads) was recorded 
in 30-second epochs (Schwarzer/Picker®™ 2002/1264). 
Using the Seldinger technique under local anesthesia, 
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Table 2. Hemodynamic Variables and Blood Gas Tensions during Sufentanil Anesthesia (mean values and sEM) 








GROUP I GROUP II 
Int. + Int. + Int. + Int. + 
I 1 min 5 min I II I 1 min 5 min i Ii 
HR (L-min~?) 63 65 65 61 63 63 64 63 64 60 
2 3 2 3 3 3 4 3 2 3 
Psyst (mm Hg) 149 131 130 114* 155*+ 138 127 124 110* 153*ł 
2 6 4 6 6 5 6 5 5 6 
MAP (mm Hg) 97 92 92 82" 106*t 93 89 86 82" 109" 
2 2 3 4 5 3 3 2 5 5 
MDAP (mm Hg) 86 79 78 74* 97*+ 81 77 77 73* 98*t 
2 3 3 3 4 2 2 4 4 5 
MPAP (mm Hg) 16.1 16.4 15.3 13.4 17.1 16.9 16.8 15.8 14.6 18.8t 
1.9 1.4 LS 1.4 2.3 1.6 L7 1:9 1:9 1z 
PCWP (mm Hg) 8.6 8.7 8.3 8.5 10.9t 9.4 9.6 8.8 8.3* 11.1t 
0.3 0.3 0.8 0.6 0.7 0.4 0.9 0.9 0.4 0.6 
CVP (mm Hg) 7.8 8.0 7.9 7.6 8.1 8.2 8.3 7.8 7.4 7.7 
0.4 0.5 0.5 0.4 0.6 0.5 0.4 0.5 0.6 0.6 
CI (L-min7?-m7~*) 3.10 — =- 220° 2.31" 3.11 — — 2.45* 2.33" 
0.09 — — 0.11 0.09 0.15 — — 0.16 0.11 
SVI (mL-m~) 49 — — 37* 37* 49 — — 38* 38” 
2 — — 1 1 2 — — 1 2 
SVR [mm Hg/(mL-min™?-kg~')] 1.28 — — 1.40* 1.86* 1.16 — — 1.26* 1.72*t 
0.05 — — 0.08 0.16 0.05 — — 0.05 0.19 
Hb (g/dL) 13.6 — = 12:9" Taz? 13.7 — — 13.1* 13.1* 
0.3 — — 0.3 0.3 0.4 — — 0.4 0.4 
Ht (%) 41.1 — — 38,5* 37.6* 41.5 — — 39.7" 38.5*t 
1.6 — — 0.9 1.0 1.6 — — 1.3 1.4 
pO,cor.ven. (mm Hg) 23.5 — _ 25.2 25.1 23.8 — — 23.2 24.6 
0.5 — — 0.4 1.0 0.8 — — 0.5 0.9 
PaO, (mm Hg) 92.6 — — F 121.0*t 89.5 — — 110.1* 122.5*ł 
9.9 — — 3.1 8.7 3.7 — — 4.9 7.3 
pazCO, (mm Hg) 41.6 — — 40.9 40.9 42.5 — — 39.2 39.6 
0.7 — —— 0.8 0.5 0.7 — ~- 0.6 0.6 
pH, 7.30 — —- 7.37 7.37 7.34 — — 7.39 7.39 


*P < 0.05, awake vs II and awake vs III; tP < 0.05, II vs II. 

HR, heart rate; P,,.., systolic pressure; MAP, mean arterial pressure; MDAP, mean diastolic arterial pressure; MPAP, mean pulmonary artery pressure; 
PCWP, pulmonary capillary wedge pressure; CVP, central venous pressure; CI, cardiac index; SVI, stroke volume index; SVR, systemic vascular resistance; 
Hb, hemoglobin; Ht, hematocrit; pH, H* activity (44.6 + 1.2; 42.8 + 1.4; 42.9 + 1.6 in group I and 44.1 + 1.0; 43.2 + 1.2; 43.3 + 1.2 in group II, respectively); 
I, awake values; II, after induction of anesthesia; III, sternotomy. 


a Goodale-Lubin (USCI-6F) catheter was inserted via 
the right internal jugular vein into the coronary sinus 
for measurement of myocardial blood flow and for 
withdrawal of blood samples; an 18-gauge catheter, 
connected to a Goodale-Lubin catheter (USCI-6F), was 
inserted into the radial artery of the non-dominant 
side; a Swan-Ganz catheter (Edwards quadruple ther- 
modilution model No. 93 A 131-7F) was inserted via a 
left antecubital vein into the pulmonary artery; and a 
polyurethane catheter was placed in the superior vena 
cava for fluid and drug infusion. The positions of all 
catheters was confirmed by fluoroscopy. ECG, body 
temperature, and all pressures were monitored con- 
tinuously and recorded simultaneously on a 10- 
channel strip chart recorder (Hellige, Freiburg). 

After infusion of 500 ml saline anesthesia was 
induced with sufentanil 1 pg-kg™* as a bolus dose 
within 2 minutes, followed by an infusion of 0.015 


ug-ke~*-min™ in group I and with 10 ug-kg™? as bolus 
dose and 0.15 ug-kg`t-min™t as infusion in group II. 
No additional hypnotics were used. Patients were 
breathing 100% oxygen with respirations assisted us- 
ing a face mask to maintain p,CO, at 38 to 40 mm Hg 
(5-5.3 kPa) as confirmed by arterial blood gas analysis. 
After patients lost consciousness, tracheal intubation 
was facilitated by 0.1 mg-kg~* pancuronium and con- 
trolled ventilation with O,/N,O (30%/70%) in group I 
and with 30% oxygen in air in group II was instituted 
using a volume-constant respirator (Engström ER 300). 
Patients in group I received a total dose of 1.8 pg-kg~ 
of sufentanil, while patients in group II received a total 
dose of 17.5 yg-ke~* of sufentanil until sternotomy. 
After a 15-minute period of rest measurements 
were performed and blood samples obtained: 1) with 
the patients awake (measurement 1); 2) 20 minutes 
after the induction of anesthesia (measurement II); 
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Figure 1, Plasma epinephrine anc norepinephrine levels in the 
awake patient (measurement I), after induction of anesthesia 
(measurement II), and during sternotomy and sternal spread 
(measurement III); mean values and SEM. 


and 3) during sternotomy and sternal spread (mea- 
surement III). An average of 45 + 5 min elapsed 
between measurements I and III. 

Measurements in this study included myocardial 
blood flow (MBF) measured in duplicate using the 
argon wash-in technique (coefficient of variation 
+5.1%) with continuous and simultaneous sampling 
(via a modified syringe pump Unita I, Braun Comp.) 
from the radial artery and the coronary sinus after 
inhalation of a standard concentration of argon 
(17,18); cardiac output (mean value of five measure- 
ments during endexspiratory pauses) by thermodilu- 
tion using the pulmonary artery catheter and a car- 
diac output computer (Fischer HZV Mod.BN 760); 
mean arterial pressure (MAP); mean pulmonary ar- 
tery pressure (MPAP); pulmonary capillary wedge 
pressure (PCWP); right atrial pressure (RAP), and 
coronary sinus pressure (PCS) (Statham P23 JA). 

Immediately before and after each measurement of 
coronary blood flow arterial and coronary venous 
blood samples were taken and analyzed for hemoglo- 
bin concentration, oxygen saturation and content 
(CO-oximeter IL 282 and Lex-O,-Con, IL), blood gas 
tensions (standard electrodes, Radiometer), and 
plasma levels of epinephrine and norepinephrine 
(HPLC-EC, Bioanalytical systems; coefficient of vari- 
ation +9.4%), lactate (enzymatically; coefficient of 
variation +2.9%), and Na*, K*, Mg**, and Ca** 
(atom absorption spectrophotometry, Perkin Elmer 
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303). Plasma levels of hypoxanthine, a degradation 
product of ATP formed under anaerobic conditions 
and as such a sensitive marker of ischemia (14,15), 
were measured using a modification of the method of 
Harmsen et al. (19): after deproteinization and buf- 
fering to pH 5-7, the aqueous supernatant was in- 
jected into the HPLC-system, consisting of a gradient 
pump (Merck-Hitachi 655-12 Chromatograph; L 5000 
LC controller) and an autosampling and injection 
device (Merck-Hitachi 655 A-40 Autosampler). For 
separation a Merck LiChrospher 100 RP 18 5-um 
column with a length of 250 mm was used. Detection 
wavelength was 248 nm (Merck-Hitachi 655, variable 
wavelength UV-detector). Data processing was per- 
formed using an automatic plotting and integration 
device (Merck-Hitachi D2000 Chromato-Integrator). 
Intraserial reproducibility was provided with 10 iden- 
tical samples prepared separately. The intraserial 
coefficient cf variation was +2.1% at 2.7 wM.171. 

Derived variables were calculated as follows: cor- 
onary vascular resistance (CVR) as mean diastolic 
arterial pressure (MDAP) minus coronary sinus pres- 
sure (PCS) divided by MBF. Myocardial oxygen con- 
sumption (MVO,) was calculated by multiplying ar- 
terial-coronary venous oxygen content difference by 
MBF. Blood oxygen content was measured directly 
with the Lex-O,-Con and was calculated from hemo- 
globin concentration, O,-saturation, and O,-tension 
to verify the obtained values. Lactate uptake and 
release were calculated by multiplication of the arte- 
rial-coronary venous blood lactate difference by MBF. 

Statistical analysis of the obtained data in each 
group was performed using the Wilcoxon matched- 
pairs signec-ranks test; P < 0.05 was assigned statis- 
tical significance. The Mann-Whitney U-test was 
used for group comparisons. To adjust for multiple 
testing the Holm procedure (20) was used with over- 
all significance P < 0.05. 


Results 


Hemodynamic and arterial blood gas data are pre- 
sented in Table 2. Two patients in group I and three 
patients in group II developed hypertension with 
systolic peek pressures of more than 180 mm Hg 
requiring vesodilator therapy after sternotomy. 
During laryngoscopy and tracheal intubation the 
hemodynamic data were not significantly different 
from preincuction values. Plasma levels of epineph- 
rine and norepinephrine were lower after induction 
of anesthesia than in the awake state in both groups, 
but only the decrease of norepinephrine level in 
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Table 3. Myocardial Variables during Sufentanil-O,-N,O Anesthesia 





CVR 
, MBF MVO, (mm He/ PCWP Lactate 
Group I (mL-min~?-100 g7’) (mL-min™"-100 g7) O,Sat.cor.ven. (%)  (mL-min71.100 g74)] (mm Hg) (uM-min~'-100 g7?) 


Patients I I I] I ii HI I II I] I II Hit I I Il I I] IMI 


1 76 66 81 8.5 6.4 7.6 33.9 38.1 42.4 1.07 1.01 1.69 8.2 8.6 89 13 07 +Y 

2 79 59 64 96 6.2 6.3 30.3 363 39.2 1.02 1.41 1.48 8.1 8.4 8.6 4.2 3.3 0.9 
3 90 59 78 10.2 6.7 8.1 32.0 30.9 33.4 1.06 1.49 1.34 8.4 83 10.5 6.1 10.0 33° 
4 68 61 94 78 69 94 343 42.4 37.9 1.27 1.01 1.05 8.3 8.2 11.2 7.8 1.8 5.9 
5 74 57 64 8.6 65 6.2 35.8 392 33.4 1.06 1.04 1.26 8.5 9.6 12.6 G1 -20 13 
6 72 61 104 81 65 11.4 354 37.5 360 1.12 0.99 0.97 85 8.3 10.1 12.4 1.2 6.2 
7 86 54 92 10.1 5.7 9.1 30.2 35.0 39.6 0.95 1.10 0.93 10.9 8.0 11.0 3.1 3.8 7.4 
8 88 60 86 10.5 77 12.7 28.1 32.5 24.2 0.98 0.95 1.19 8.0 10.5 14.3 88 66 -7.7 

Mean 79 6l* 8t 92 6.6* 89t 325 


36.5 35_7* 1.07 1.13 ; 8&6 87 6.2 3.7 1.8 


SEM 3 1 5 0.4 0.2 0.8 1.0 1.3 20 0.03 0.07 0.09 0.3 0.3 0.7 L2 Al 1.7 
*P < 0.05, awake vs II and awake vs III; tP < 0.05, II vs III; °Hypoxanthine release; MBF, myocardial blood flow; MVO,, myocardial oxygen consumption; 
O2Sat.cor.ven., Coronary sinus oxygen saturation; CVR, coronary vascular resistance; PCWP, pulmonary capillary wedge pressure; Lactate, myocardial lactate 
uptake or release (—). ; 
I, awake values; II, 1 wg-kg~? + 0.015 ug-kg~!-min~! Sufentanil; III, sternotomy. 


Table 4. Myocardial Variables during High-dose Sufentanil-O,/Air Anesthesia 


CVR 
Group MBE MVO, [mm He/ PCWP Lactate 
IO (mL-min~1.100 g) (mL-min™1.100 g") O;Sat.cor.ven. (%) (mL-min™-100 g] (mmHg) = (uM-min7?-100 g~?) 


Patients I H HI I II II I II HI I II Ul I II m I II il 


1 87 72 94 8.6 7.7 9.2 31.8 31.9 37.3 1.07 1.01 1.96 8.2 8.7 11.3 79 126 1.1° 
2 71 62 71 7.2 6.6 8.2 37.7 42.6 39.1 1.27 1.17 1.57 96 82 121 24 12 £-121.1° 
3 69 67 75 8.6 7.5 9.1 32.3 37.3 35.7 1.14 1.03 1.19 Bc 82 L22 67 45 SLF 
4 67 75 94 8.1 90 128 33.7 30.1 28.9 1.09 0.92 1.09 88 64 11.7 44 1.9° -49 
3 89 63 104 94 6.6 10.8 30.1 30.4 31.2 0.75 0.79 1.43 95 96 12.9 80 3.8 4.4 
6 81 64 99 10.4 7.3 9.9 37.4 40.7 39.4 0.95 0.92 0.82 8.6 7.4 7.6, 3.2. -19 3.5 
7 73. 55 88 8.5 5.8 10.3 31.5 364 33.6 0.94 1.01 0.93 10.3 8.4 97 48 1.1 3.1 
8 83 77 128 8.7 63 11.6 36.2 406 35.4 1.12 122 131 116 95 126 63 40 «+0 
Mean 78 67% Q93%t 8.7 7.1" 10.2*¢ 33.8 36.3" 35.1% 1.04 1.01 1.994} 94 8.3* 11.2} 5.5 3.9  —0.16 


SEM 3 3 6 0.3 0.4 0.5 10 15 1.3 0.06 0.05 0.10 0.4 0.4 0.6 07 13 1.3 


*P < 0.05, awake vs II and awake vs III; tP < 0.05, II vs III; °Hypoxanthine release; MBF, myocardial blood flow; MVO,, myocardial oxygen consumption; 
O Sat. cor.ven., Coronary sinus oxygen saturation; CVR, coronary vascular resistance; PCWP, pulmonary capillary wedge pressure; Lactate, myocardial lactate 
uptake or release (—). 

I, awake values; II, 10 ug-kg™? + 0.15 ug-kg~!-min~! Sufentanil; III, sternotomy. 


group II was statistically significant (Fig. 1). While 
epinephrine levels did not change throughout the 
study, norepinephrine levels were significantly ele- 
vated in group II during sternotomy. 

In Tables 3 and 4 individual and mean values of 
the myocardial variables are presented. In Tables 5 
and 6 arterial and coronary lactate and hypoxanthine 
concentrations are given. Following induction of an- 
esthesia the arterial coronary venous oxygen content 
difference was significantly reduced in both groups 
together with a significant increase in coronary ve- 
nous oxygen saturation. Although a negative lactate 
balance was not observed at that time, there was a 
release of hypoxanthine into the coronary sinus in 
patient No. 4 of group II, in whom the induction of 
anesthesia was followed by a decrease in mean arte- 


rial pressure from 93 to 67 mm Hg and an increase in 
heart rate from 56 to 71 min™*. At this time there 
were no statistical differences between the variables 
of groups I and II. 

During sternotomy and sternal spread myocardial 
lactate production and hypoxanthine release were 
observed in two patients of group I (Nos. 5 and 8). In 
patient No. 1, in whom neither a lactate uptake nor a 
release were found, the coronary venous hypoxan- 
thine level exceeded the arterial level, whereas in 
patient No. 3 of group I a hypoxanthine release was 
combined with a positive lactate balance. 

Lactate production was also observed in three 
patients (Nos. 2, 3, and 4) of group IT during sternot- 
omy, which correlated with a hypoxanthine release at 
the same time, while in patient No. 8 hypoxanthine 
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Table 5. Lactate Concentrations (mM/I) 
Group I art. cor.ven. art. cor.ven. art. cor.ven. 
patients I I M 
1 1.61 1.43 1.62 1.52 1.66 1.66 
2 1.64 ii 1.66 1.10 1.61 1.47 
3 1.64 0.96 1.75 1.58 1.71 1.29 
4 1.58 0.43 1.62 1.34 1.78 1,15 
5 1.67 0.85 1.76 1.40 1.68 1.88 
6 1.75 0.03 1.66 1.46 1.64 1.04 
7 1.70 1.34 1.77 1.06 1.81 1.01 
8 1.67 0.67 1.65 0.55 1.75 2.64 
Mean 1.66 0.85 1.69 1.25 1.71 1.52" 
SEM 0.02 0.17 0.02 0.12 0.03 0.19 
Group II I II l HI 
1 1.65 0.74 1.82 0.07 1.90 1.78 
2 1.66 1.32 1.62 1.42 1.64 1.80 
3 1.64 0.66 1.64 0.97 1.66 2.63 
4 1.51 0.85 1.54 1,29 1.62 2.14 
5 1.69 0.80 1.66 1.06 1.72 1.30 
6 1:62 1.23 1.62 1.33 1.65 1.29 
7 1.73 1.07 1.67 1.47 1.74 1.39 
8 1.54 0.79 1.59 1.08 1.64 1.64 
Mean 1.63 0.93 1.64 1.08 1.69*+ 1.75%} 
SEM 0.03 0.09 0.03 0.16 0.03 0.16 
*0.05, awake vs H and awake vs III; 40.05, I vs IH. 
Table 6. Hypoxanthine Concentrations (mM/I) 
Group | art. cor.ven. art. cor.ven. art. cor.ven. 
patients I I m 
1 2.55 2.47 2.70 2.59 3.03 3.54 
2 1.25 1.18 1.83 1.52 1.53 1.47 
3 2.65 2.35 2.13 1.95 2.02 2.59 
4 2.21 2.05 2.18 2.13 2.28 2.20 
5 1.89 1.81 2.31 2.24 2.29 2.45 
6 1.35 122 1.84 1.73 2.01 1.92 
7 2.37 1.82 2.95 UW 2.68 2.97 
8 3.31 3.27 3.79 3.63 3.77 4.09 
Mean 2.20 2.02 2,39 2.25 2.45 2.60* 
SEM 0.24 0.25 0.22 0.23 0.25 0.30 
Group I] I II Il 
1 3.09 2.84 3.34 3.16 3.35 4.17 
2 2.53 1.96 2.78 1.86 2.93 3.82 
3 2.56 2.48 2.70 2.63 2.74 3.04 
4 2.10 1.91 1.26 1.88 2.24 3.23 
5 3.35 2.63 2.34 2.07 2.12 1.47 
6 1.81 1.21 1.59 1.28 2.02 1.27 
7 2.76 2.12 2.86 2.57 3.21 2.95 
8 2.32 2.19 2.49 1.62 1.96 2.34 
Mean 2.66 247 2.42 2.13 2.57 2.79+ 
SEM 0.24 0.18 0.24 0.22 0.20 0.37 


*P < 0.05, awake vs If and awake vs II; tP < 0.05, II vs I. 


was released into the coronary sinus at an even in measurements III. The correlation (Fig. 2) between 
lactate balance and in patient No. 1 ata declining but lactate and/or hypoxanthine release and pulmonary 
still positive lactate balance. However, again there capillary wedge pressure was only poor (r = 0.62). 
were no statistical differences between groups IandI! During the entire study period plasma electrolyte 


590 ANESTH ANALG 
1989;68:584-92 






n=10 
y = 0.36x+10.7 
r = 0.62 


-10 -8 -6 -4 -2 O 2 4 6 
LACTATE BALANCE 
*HYPOXANTHINE RELEASE 


Figure 2. All patients with negative lactate balance demonstrated 
a release of hypoxanthine. However, there was only a poor 
correlation (r = 0.62) between the increase in pulmonary capillary 
wedge pressure and lactate and/or hypoxanthine release into the 
coronary sinus blood. 


concentrations, blood gas tensions, pH, and body 
temperature stayed within normal ranges. 

In the EEG both doses of sufentanil led to de- 
creases in the number of higher-frequency waves and 
increases in lower-frequency (delta) waves, which 
did not change in the course of the study. No patient 
had signs of awareness and no patient remembered 
any aspect of the operation. | 

The average total dose of pancuronium given until 
sternotomy was 16 mg. The duration of operation 
averaged 264 + 42 min. All patients required mechan- 
ical ventilation for 5-12 hours postoperatively. No 
patient in either group had signs of perioperative 
myocardial infarction. 


Discussion 


Our data demonstrate that a moderate dose of sufen- 
tanil (1 ug-kg~* plus 0.015 ug-kg~'-min~*) combined 
with nitrous oxide as well as a high dose (10 ug-kg™’ 
plus 0.15 gkg '-min™t) without nitrous oxide are 
associated with minimal but statistically significant 
changes in cardiovascular dynamics in patients with 
coronary artery disease undergoing coronary artery 
surgery. In spite of different demographic data of 
patients, different anesthetic techniques, different 
preoperative therapy, and premedication, these he- 
modynamic changes are comparable to the results of 


SONNTAG ET AL. 


other authors (12,13,21), but prior to this there was 
only one clinical study (3) of the effects of sufentanil 
on myocardial blood flow and myocardial energy 
balance in patients with coronary heart disease dur- 
ing the induction of anesthesia but not under surgical 
stress, which is of major importance and thus the 
main subject of our investigation. 

Following the induction of anesthesia, mean arterial 
pressure decreased significantly in both groups, while 


changes of MPAP and PCWP were negligible. Heart - 


rate remained unchanged during the entire study 
period, even during laryngoscopy and intubation. 
This may be because pancuronium counteracted the 
negative chronotropic effect of the opioids and/or 
because of the pharmacologic pretreatment of the 
patients with calcium channel blockers, which could 
have an influence on spontaneous sinus node activity 
and on atrioventricular conduction time (22). Laryn- 
goscopy and tracheal intubation led to a transitory 
increase of blood pressure but not above the awake 
values. The fact that patients in group I tended to have 
a lower systolic and mean arterial pressure after induc- 
tion is probably related to the cardiodepressant effect 
of nitrous oxide in combination with sufentanil (23,24). 
Wynne et al. (25) observed a slight reduction in dP/ 
dtmax cardiac output and heart rate during elective 
cardiac catheterization in patients with ischemic heart 
disease receiving 50% NO, which they attributed to a 
reduction of sympathetic activity by nitrous oxide. 

There are striking differences between our results 
and those of Sebel et al. (2) and Bovil et al. (26) as to 
CL, SVI, and SVR. Neither in patients with coronary 
artery disease nor in patients with valvular heart 
disease did they find changes of these variables with 
sufentanil, 19.5 ug-kg~*, except that systemic vascu- 
lar resistance increased significantly during sternot- 
omy (2). The reason for these differences is not clear 
but could be based on different anesthetic techniques 
and times at which measurements were made. 

Our study demonstrates that both a moderate dose 
of sufentanil combined with nitrous oxide and a high 
dose of sufentanil without nitrous oxide, produce 
adequate anesthesia as shown by the typical EEG 
changes, but that neither block sympathetic re- 
sponses to noxious stimuli in patients with coronary 
heart disease. Thus it does not fulfill anesthetic 
requirements for this kind of surgery and so sufenta- 
nil offers no advantage over fentanyl, which likewise 
produces cardiovascular instability during noxious 
stimulation (6,7). During sternotomy systemic vascu- 
lar resistance, mean arterial pressure, and coronary 
perfusion pressure rose considerably in both our 
groups of patients, whereas heart rate, cardiac index, 
and stroke volume index did not change significantly 
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compared to the postinduction values. Our results do 
not support the finding of others, that sufentanil is 
superior to fentanyl with regard to hemodynamic 
stability even under surgical stimulation (1,26). 

Both doses of sufentanil, however, reduced sym- 
pathoadrenal activity as is shown by the plasma cate- 
cholamine levels, which decreased after induction in 
both groups, but only the decrease of the norepineph- 
rine level in group II was statistically significant. 
Sternotomy did not lead to an increase of epinephrine 
above the postinduction concentration, while the nor- 
epinephrine concentration at that time exceeded the 
awake value in group II. Because it is mainly released 
from peripheral sympathetic nerve endings from 
where there is rapid uptake, the plasma levels of 
norepinephrine do not reflect its concentration at the 
site of action in postsynaptic receptors. Therefore no 
close correlation could be found with the degree of 
hypertension. Our results differ from those of Sebel et 
al. (27) and confirm those of Howie et al. (12) and 
Murkin et al. (21). The latter observed no changes in 
norepinephrine and epinephrine levels during the 
prebypass period. Even in patients that became hyper- 
tensive during sternotomy no significant increases in 
plasma catecholamines could be demonstrated by 
them. 

Hemodynamic alterations during sufentanil anes- 
thesia in patients with coronary artery disease may 
lead to myocardial ischemia. Litak et al. (28) recorded 
ECG leads V and Vo continuously with a Holter 
monitor for the detection of myocardial ischemia in 
connection with changes of blood pressure and heart 
rate in patients anesthetized with 20 ug-kg~* sufen- 
tanil. In 26% of their patients prebypass myocardial 
ischemia developed, along with bradycardia and hy- 
pertension and hypotension. 

As a result of the diminished myocardial work load 
due to the hemodynamic changes in this study, the 
induction of anesthesia with sufentanil led to a 28% 
reduction of left ventricular oxygen consumption in 
group I and an 18% reduction in group II, the 
difference being the result of a higher pressure load 
on the left ventricle in group I leading to a higher 
oxygen consumption in the awake state than in 
patients of group II. Coronary blood flow decreased 
by 23% and 14%, respectively, while the coronary- 
venous oxygen saturation increased. These data, to- 
gether with a positive lactate balance, indicate an 
adequate oxygen supply to the left ventricle during 
the postinduction period. However, since normoxic 
areas still may extract lactate from coronary blood, 
while ischemic areas may release lactate simulta- 
neously into coronary sinus blood, which mixes with 
the blood from normoxic areas, global lactate balance 
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may rema:n positive despite regional myocardial 
ischemia (29). Thus only a negative lactate balance 
allows a definite conclusion about myocardial isch- 
emia. Our results suggest that oxygen demand and 
supply were kept in equal balance in most patients 
after induction of anesthesia (measurement II). One 
exception was patient No. 4 of group I, in whom 
hypoxanth:ne was released into the coronary sinus in 
spite of a positive lactate balance, indicating regional 
myocardial ischemia, which may be explained by an 
increase in heart rate by 22% and a decrease in mean 
arterial pressure by 28%. The 12% increase in myo- 
cardial bload flow obviously was not able to compen- 
sate for this in the poststenotic parts of the coronary 
vessels, although the overall oxygen supply in- 
creased by 11% as indicated by a decrease in coronary 
venous oxygen saturation and an increase in arterial- 
coronary v2nous oxygen content difference. 
Contrary to the small metabolic changes of the 
postinducton period, lactate and hypoxanthine re- 
leases were observed in two patients of group I (Nos. 
5 and 8) ard in three patients of group II (Nos. 2, 3, 
and 4) during sternotomy and sternal spread. In all of 
these patients myocardial ischemia was combined 
with increases of systolic peak pressures up to 180 
mm Hg but stable heart rates. In two more patients 
(No. 3 of group I and No. 1 of group II), hypoxan- 
thine relezse was seen in connection with a still 
positive but declining lactate balance, thus also indi- 
cating myocardial ischemia during this period. In 
patients No. 1 of group I and No. 8 of group II neither 
a lactate uptake nor release but rather a hypoxanthine 
release was observed. In these patients the develop- 
ment of myocardial ischemia was not related to 
hemodynamic changes, i.e. these patients developed 
neither hypertension or hypotension nor tachycardia 
or bradycardia by more than +10% during sternot- 
omy as ccmpared to postinduction values. Thus, 
myocardial ischemia in these patients cannot be ex- 
plained by changes in the hemodynamic determi- 
nants of myocardial oxygen consumption. Noxious 
stimuli such as sternal spread and manipulations at 
the aortic root may lead to a redistribution of coro- 
nary blood flow from the subendocardium to epicar- 
dial zones, resulting in regional ischemia. The signif- 
icant increase in coronary vascular resistance with 
both doses of sufentanil, the individual morphology 
of the coronary artery stenosis as well as alpha- 
adrenergic mechanisms might have played a role in 
these patients (30-32). The clinical significance of this 
redistribution concept is supported by the results of 
the study, demonstrating an increase in coronary 
vascular resistance, elevated norepinephrine plasma 
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levels compared to the postinduction values and the 
occurrence of myocardial ischemia. 

In conclusion, our findings demonstrate that su- 
fentanil, either at a moderate dose combined with 
nitrous oxide or at a high dose as a sole anesthetic, is 
not able to prevent hypertension associated with 
sternotomy. During sternotomy 42% of the patients 
developed hypertension and 56% showed signs of 
myocardial ischemia, i.e., a lactate and/or hypoxan- 
thine release into the coronary sinus. In this respect, 
sufentanil is no different from fentanyl in patients 
with coronary heart disease (5). Sufentanil acts more 
rapidly than fentanyl (1) and produces unconscious- 
ness in all patients, but despite this anesthesia with 
sufentanil alone, without supplementation by a suit- 
able sedative agent for total intravenous anesthesia or 
by inhalational anesthetics for balanced anesthesia, it 
cannot be recommended for patients undergoing 
coronary artery bypass surgery. 
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Increasing the pH of local anesthetics with sodium bicar- 
bonate has been reported to hasten their onset of action. The 
purpose of this study was to compare the onset and duration 
of epidural analgesia with the use of sodium bicarbonate and 
tromethamine to increase the pH of 2% chloroprocaine 
(2CP). Five groups of patients were studied: Group I 
received 2CP; Group II received 2CP buffered to a pH of 7.1 
with tromethamine; Group IHI recetved 2CP buffered to a pH 
of 7.1 with sodium bicarbonate; Group IV received 2CP 
buffered to a pH of 7.7 with tromethamine; and Group V 
recetved 2CP buffered to a pH of 7.7 with sodium bicarbon- 
ate. The final pH and PCO, of each solution were mea- 
sured, 

Time to onset of analgesia was significantly delayed with 
either of the tromethamine buffered groups (II [5.6 + 1.0 
minutes] and IV [5.4 + 0.4 minutes]) when compared with 
data from the unbuffered control (I [4.4 + 0.1 minutes]) 
and the sodium bicarbonate buffered (III [4.5 + 0.8 min- 
utes] groups and Group V [2.7 + 0.9 minutes]). Only 
when sodium bicarbonate buffer adjusted to pH 7.7 (Group 


Conflicting reports of increasing the pH of local 
anesthetics with sodium bicarbonate for regional an- 
esthesia has led to a serious clinical dichotomy (1-5). 
For example, increases in speed of onset and spread 
of sensory blockade have been reported for lidocaine 
solutions made alkaline with sodium bicarbonate (1). 


Received from the Department of Anesthesia, University of 
Cincinnati College of Medicine, Cincinnati, Ohio. Accepted for 
publication December 22, 1988. 

Address correspondence to Dr. Ackerman, Department of 
Anesthesia, University of Cincinnati College of Medicine, Cincin- 
nati, OH 45267-0531. 


©1989 by the International Anesthesia Research Society 


IV) was onset significantly more rapid than the unbuffered 
2CP (I) and tromethamine buffered 2CP (II and IV). 
Multiple regression analysis revealed that onset times were 
significantly rzlated to both pH and PCO). The coefficient of 
determination for this model was 0.5156. While duration of 
analgesia was significantly longer in the two tromethamine 
groups (II [59 1 + 10.4 minutes] and IV [55.7 + 4.5 min]) 
than in contrcl (I [27.0 + 6.1] and bicarbonate groups (IH 
[29.5 + 6.6 min] and V [26.2 + 4.2 min]), there were no 
significant intergroup differences in the onset or duration of 
analgesia between the tromethamine buffered groups. Mul- 
tiple regression analysis showed that duration was related 
to both pH and PCO). The coefficient of determination for 
this model was 0.7669. 

Reasons for alterations in onset times appear to be 
complex, invalving the use of 2CP solutions containing 
critical levels of PCO, and pH in addition to other currently 
unidentified albeit important factors. Prolongation of epi- 
dural analgesia appears to be heavily influenced by changes 
in pH, which by choice of alkalinizing agent can be fairly 
long lived. 


Key Words: ANESTHETICS, tocat— 
2-chloroprocaine. ANESTHETIC TECHNIQUES— 
epidural. PHARMACODYNAMICS, LOCAL 
ANESTHETICS—pH. 


Similar results have been reported with alkaline so- 
lutions of bupivacaine containing sodium bicarbonate 
(2). Alkaline bupivacaine solutions containing so- 
dium bicarbonate have also been reported to prolong 
the duration of axillary block (3). Results with alkaline 
solutions of 2-chloroprocaine (2CP) containing so- 
dium bicardonate have been somewhat less convinc- 
ing. One brief report claims a shorter onset time for 
epidural anesthesia with bicarbonate containing so- 
lutions, whereas a more detailed report showed no 
significant differences between the pH adjusted and 
control solutions (4,5). Although no PCO, values 
were reported for studies using lidocaine or bupiva- 
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caine, a PCO, of approximately 120 torr was reported 
with pH adjusted solutions of 2CP (5). 

Because it is known that both pH and PCO, can 
alter the action of local anesthetics, we postulate that 
the combination of elevated PCO, and pH may be a 
critical factor in understanding the roles of pH and 
PCO, alone (6). 

In an effort to determine the relative contributions 
of pH and PCO,, we conducted a randomized, dou- 
ble-blind study to compare the onset and duration of 
epidural analgesia using sodium bicarbonate and 
tromethamine (tris[{hydroxymethyljaminomethane, 
THAM) buffered 2% 2-chloroprocaine solutions in 
patients requiring analgesia for the pain of labor. 


Methods 


Institutional Review Board approval and informed 
consent were obtained from 50 healthy ASA physical 
status I or II parturients who had requested epidural 
analgesia for labor. All epidural catheters were in- 
serted at either the L2-3 or L3-4 interspaces and were 
advanced approximately 2-3 cm into the epidural 
space. Placements of catheters were performed with 
the use of a loss of resistance technique with air with 
patients in the sitting position. Prior to epidural 
placement, all patients were hydrated with 10 mL/kg 
of body weight of intravenous lactated Ringer’s solu- 
tion. 

The patients were randomly assigned to one of five 
groups of 10 patients each prior to epidural place- 
ment: Group I: 2% 2CP, pH 4.35 with saline solution 
(3.0 mL/30 mL); Group II: 2CP buffered to pH of 7.1 
with tromethamine (0.3M) (0.75 mL and 2.25 mL 
saline solution/30 mL); Group II: 2CP buffered to pH 
of 7.1 with sodium bicarbonate (8.4%) (1.0 mL and 2.0 
mL saline solution/30 mL); Group IV: 2CP buffered to 
pH of 7.7 with tromethamine (0.3M) (1.7 mL and 1.3 
mL saline solution/30 mL); Group V: 2CP buffered to 
pH of 7.7 with sodium bicarbonate (8.4%) (2.5 mL 
and 0.5 mL saline solution/30 mL). All of the 2CP 
solutions were bisulfite free. None of the solutions 
contained epinephrine. There was no precipitation of 
2CP with the addition of the buffer solutions. Stability 
studies were conducted on all formulations by assay- 
ing solutions after preparation and 24 hours later. 
2CP concentrations were measured with the use of 
gas chromatography as previously reported (7). Trip- 
licate analyses were performed on each formulation. 
The present study consisted of evaluating only the 
first epidural dose. When patients complained of 
pain, they were judged to have completed the study 
and were given supplemental analgesia at the discre- 
tion of the responsible anesthesiologist. 
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Three milliliters of study solution were adminis- 
tered to each patient through the epidural catheter as 
a test dose followed. After 2 minutes, if the patient 
had no signs of an intravascular or subarachnoid 
injection and if attempts to aspirate blood or cerebro- 
spinal fluid were negative, 5 mL of study solution 
were injected for a total volume of 8 mL. This volume 
was chosen to standardize the total dose and is the 
volume used to attain a T10-11 level when using the 
L2-3 or L3-4 interspaces with 2% 2CP at our institu- 
tion. The posterior 52-3 dermatomes were tested 
bilaterally for analgesia to pinprick at time 0 and 
every 30 seconds thereafter until each patient re- 
ported loss of pain sensation to pinprick bilaterally. 
Time to onset of analgesia was defined as the time 
between administration of the initial test dose and the 
appearance of bilateral loss of pain sensation to 
pinprick in the 52-3 dermatomes. The duration of 
analgesia was defined as the time between onset of 
analgesia and pain with a uterine contraction. All 
patients were in active labor with contractions at least 
2-3 minutes apart and with a verbal visual analog 
pain score (VAS) of >7 prior to epidural placement. A 
pre-block verbal response pain score (0-10; 0 = no 
pain and 10 = severe excruciating pain) was mea- 
sured prior to placement of the epidural needle 
because it has been reported that the more intense 
the labor pain, the more rapid is the onset of epidural 
analgesia (8). The cephalad spread of the epidural 
blockade was measured bilaterally by pinprick after 
each patient reported analgesia at the 52-3 derma- 
tomes. The pH and PCO, of the study solutions were 
measured with an ABL-30 blood gas analyzer (Radi- 
ometer, Copenhagen), whereas the specific gravity of 
the solutions was measured with a refractomometer. 
Monitoring of each patient consisted of a blood 
pressure and pulse measurements before epidural 
injection of 2CP and every 5 minutes for 15 minutes 
thereafter. Hypotension was defined as systolic blood 
pressure less than 80% of baseline levels or a systolic 
pressure less than 100 mm Hg. Motor scores before 
and after injection of 2CP were assessed with use of 
the Bromage scale (0 = full flexion of the knees and 
feet; 1 = able to move knees only; 2 = able to move 
the feet only; 3 = unable to move the feet or knees) 
(9). 

All study solutions were administered in a double- 
blinded fashion. 


Statistical Analysis 


Interval data were analyzed for normalcy of distribu- 
tion with the use of a Shapiro-Wilk W statistic. 


EFFECT OF pH AND CO, ON CHLOROPROCAINE 


Table 1. Intergroup Comparisons of Demographics and 
Preblock Characteristics 


Group Group Group Group Group 
I H M IV V 
Age (yrs) 215 21.3 22.2 22.3 23.9 
+4.9 +2.83 +459 +3.94 +4.09 
Height (cm)? 164.58 162.29 161.55 161.50 164.41 
+9,41 +6.03 +10.51 +5.58 +6.5 
Weight (kg)* 78.59 78.61 73.58 74.73 72.66 
+13.71 £12.82 12.54. +526 212 
Gravidy® 1.5 2.0 2.0 2.0 2.0 
+0.6 +1.0 +10 +0.6 +1.0 
Parity” 0.5 1.0 0.5 1.0 1.0 
+0.6 +0.6 0.5 £0.5 +0.5 


VAS pain score” 10.0 10.0 10.0 10.0 10.0 
EOT +0.5 +0.5 +0.5 +0.1 

Cervical Dilation 5.0 5.0 5.0 5.0 5.0 
(cm) +0.6 +0.5 +0.5 +0.6 +0.6 


"Mean + sp; "Median + Quantile. 


Depending on the results of this analysis, intergroup 
responses were compared with the use of either a 
parametric or non-parametric one-way analysis of 
variance followed by the appropriate critical value 
test for multiple comparisons. Ordinal data were 
analyzed with the use of a non-parametric one-way 
analysis of variance followed by the appropriate 
critical value test for multiple comparisons. Critical 
value tests were accomplished at significance levels of 
0.05, 0.01, and 0.001. Stepwise multiple regression 
analysis was used to evaluate the effects of PCO,, 
pH, and percent nonionized drug on the onset and 
duration of epidural analgesia with 2CP. Coefficients 
of determination (r°) were used to evaluate the 
amount of variance explained by the model. Interval 
data are presented as means + sp; ordinal responses 
as medians + quantiles. A P value of 0.05 was 
considered the minimum level of statistical signifi- 
cance. 


Results 


All of the differences described next, which were 
found to be statistically significant, achieved a P value 
of <0.001. 

The study groups did not differ significantly with 
respect to age, height, weight, gravity, parity, VAS 
pain scores, or cervical dilation (at the time of epi- 
dural placement) (Table 1). Intergroup differences in 
pH and PCO, values of the study solutions are 
summarized in Table 2. The specific gravities of the 
2CP solutions were not significantly different (Table 
2). There were no decreases in 2CP concentration in 
any of the five study solutions for at least 24 hours 
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after mixing. There were, however, significant losses 
in CO, from the groups buffered with bicarbonate 
after 24 hours. This loss of CO, was accompanied by 
a corresponding increase in pH. There were no 
intergroup differences with respect to motor scores in 
the levels of sensory analgesia (Table 2). One patient 
in the tromethamine buffered group (Group II) devel- 
oped hypotension, which responded to a fluid bolus 
of 250 ml (Table 2). 

The onset of analgesia was significantly longer in 
either of the tromethamine buffered groups (II [5.6 + 
1.0 minutes]; IV [5.4 + 0.4 minutes]) than in the 
unbuffered control (I [4.4 + 0.1 min]) and the sodium 
bicarbonate buffered (III [4.5 + 0.8 minutes] and V 
[2.7 + 0.9 minutes]) groups. Only in the sodium 
bicarbonate buffered group adjusted to pH 7.7 (V) 
was onset faster than in the unbuffered 2CP (I) and 
tromethamine buffered 2CP groups (II and IV). The 
bicarbonate groups differed significantly with refer- 
ence to onset of analgesia (Fig. 1). Multiple regression 
analysis revealed that onset times were significantly 
related to both pH and PCO,. The coefficient of 
determination for this model was 0.5156. Onset times 
predicted with the use of this model deviated ran- 
domly from those actually measured (Fig. 2). 

Although the duration of analgesia was signifi- 
cantly longer with the two tromethamine groups (II 
(59.1 + 10.4 minutes] and IV [55.7 + 4.5 minutes]) 
when compared with control (I [27.0 + 6.1] and 
bicarbonate groups (III [29.5 + 6.6 minutes] and V 
[26.2 + 4.2 minutes]), there were no intergroup 
differences in the onset or duration of analgesia 
between the tromethamine buffered groups (Fig. 1). 
Multiple regression analysis revealed that duration 
was related to both pH and PCO). The coefficient of 
determination for this model was 0.7669. Duration of 
analgesia predicted with the use of this model was in 
reasonable agreement with those actually measured 
(Fig. 3). 


Discussion 


Davis et al. (10) reported that CO, blocked nerve 
conduction in a dose dependent manner in 1928. 
Since that report, there have been many studies with 
regard to the effects of CO, and pH on nerve conduc- 
tion (6,11-13). Catchlove (6) integrated these effects 
with the action of an incomplete blocking concentra- 
tion of local anesthetics and concluded that the com- 
bination of CO, and local anesthetic produced a 
much more profound block than when these agents 
were applied separately. Catchlove also reported that 
these effects reached a maximum at the highest pH 
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Table 2. Intergroup Comparisons of Local Anesthetic Solutions and Blockade Characteristics 
Group | Group Il Group HI Group IV Group V 
pH? 4.3515 7.1359 7.134% 7.714 7.72 
+0.128 +0.128 +0.031 +0.02 +0.04 
PCO, (torr)° 12.61° 2.84% 84.99° 277° 114.26! 
+2.61 +0.30 +3.35 +0.38 +2.95 
Right thoracic level? 10 10 10 10 10 
1.0 TLO $LD =1.0 +10 
Left thoracic level? 10 10 10 10 10 
+0.5 +1.0 +1.0 +1.0 +0.5 
Hypotension (frequency) 0/10 1/10 0/10 0/10 0/10 
Motor score” 0+0 0+0 0+0 0+0 00 
Specific gravity 1.3384 1.3383 1.3386 1.3384 1.3380 


of solution +0.0005 +0.0012 +0.0005 +0.0005 +0.0004 


"Mean + sp; "Median + Quantiles; “%°fintergroup values for pH or PCO, with different letters are significantly different at the P < 0.001 level. 
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Figure 1. Intergroup differences in onset times and duration of 
analgesia. Data are presented as mean + sp. For onset data, * 
indicates a significantly shorter onset time for Group 5, whereas ** 
indicates significantly longer onset times for Groups 2 and 4. For 
the duration data, * indicates significantly longer durations for 
Groups 2 and 4. 


studied (6) and on the basis of these results proposed 
that the earliest phase of neural blockade with car- 
bonated local anesthetic solutions is due to rapid 
diffusion of CO, intraneurally. The normal blocking 
action of local anesthetic then follows that initiated by 
CO,. After the CO, diffuses across the neural mem- 
brane, the pH of the local anesthetic solution remain- 
ing in the epidural space increases resulting in an 
increase in the nonionized (mermeable) form of the 
local anesthetic. This results in conditions favorable 
for diffusion trapping (6). The differential effects of 
CO, and pH on nerve conduction have not been 
demonstrated in the human clinical situation. 

The pKa of 2% 2CP is approximately 8.9. With use 
of the Henderson-Hasselbach equation, it is apparent 
that the ionized form of plain 2CP is greater than the 
nonionized form at tissue pH. At a pH of 4.6, the 
nonionized form of 2CP is 0.01%; at pH 7.1, itis 1.6%; 
and at pH 7.7, it is 5.9%. 

Prior to completing this study, it was believed that 
the addition of any buffer to 2% 2CP to increase the 
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Figure 2. Measured (abcissa) and predicted (ordinate) onset times 
are presented as open circles. The identity line is provided for 
reference. Predicted values were calculated according to Onset = 
(0.3779 * pH) — (0.0214 * PCO.) + 2.795 (R? = 0.51559). 


pH would hasten the onset of epidural analgesia 
because no vitro studies have shown that the non- 
ionized form of a local anesthetic passes more readily 
through nerve membranes than the ionized form 
(14,15). Our data clearly refute this hypothesis be- 
cause the two tromethamine solutions buffered to pH 
7.1 and 7.7 had significantly longer onset times when 
compared with the other study solutions. Because 
there were no significant differences in onset times 
between the two tromethamine solutions, it appears 
that there is a minimal dependence on the amount of 
nonionized drug or pH when considered alone in the 
pH range of this study. Effects of pH would be 
expected to be at a maximum at or close to the pKa. 
Unfortunately this pH range is not achievable with 
2CP owing to precipitation of the drug that occurs at 
pH 8. 

On the other hand, our data demonstrate that 
onset of action of a 2CP solution buffered to a pH of 
7.7 with sodium bicarbonate was more rapid in onset 


EFFECT OF pH AND CO, ON CHLOROPROCAINE 


PREDICTED DURATION IN MINUTES 
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Figure 3. Measured (abcissa) and predicted (ordinate) duration of 
epidural analgesia are presented as open circles. The identity line 
is provided for reference. Predicted values were calculated accord- 
ing to Duration = (8.8583 * pH) — (0.29989 * PCO,) — 5.887 (R? = 
0.81406). 


of action than was onset of action of the control 
solution, the tromethamine buffered solutions, or the 
solution buffered to a pH of 7.1 with sodium bicar- 
bonate. These data are in excellent agreement with 
those of Glosten et al. (5) who reported no significant 
increase in the speed of onset with 2CP solutions 
adjusted to a pH of 7.08. The PCO, of the pH 
adjusted solution of 2CP reported by Glosten et al. 
was 123.3 + 31.6 mm Hg and was similar to that of 
our solution adjusted to pH 7.7 with sodium bicar- 
bonate (114.3 + 3.0 mm Hg). Because Glosten et al. 
had an elevated PCO, at a moderately increased pH 
and did not observe a difference in onset time it 
appears that PCO, is not the sole determinant of 
onset. Our finding that only the combination of a pH 
of 7.7 and a PCO, of 114 torr produced a more rapid 
onset supports the hypotheses of Catchlove (6), Con- 
douris and Shakalis (13) that a combination of in- 
creased CO, and pH are required to produce shorter 
onset times. This conclusion is further supported by 
multiple regression analysis that predicted both pH 
and PCO, are related to onset time. One must be 
cautious, however, because this model only explains 
51% of the variance in the data. In addition, when 
one examines a plot of the predicted versus the 
measured onset times (Fig. 2), it is apparent that 
there is a random distribution around the identity 
line. These findings clearly illustrate that there are 
additional factors responsible for determining onset 
time. These additional factors were not identified by 
the present study. It seems likely that these factors 
will turn out to be drug related rather than patient 
related because our within-group coefficients of vari- 
ation were in the range of 25%. Until these factors are 
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identified, predictions of optimum pH and/or PCO, 
are not possible for other drugs. 

Catchlove (12) reported that the effects of CO, 
were concentration dependent with a plateau occur- 
ring at approximately 9.6%. Further increase in CO, 
to 50% caused little additional potentiation. Based on 
these findir.gs, we would have expected any effects of 
CO, to be maximized in the group adjusted to a pH of 
7.1 with bicarbonate because the CO, concentration 
was approximately 11%. Increasing the pH to 7.7 
with bicarbonate increased the CO, concentration 
only to approximately 15%. 

The longer duration of action that was noted in the 
two trometnamine buffered groups may be due to the 
fact that tromethamine molecules do not cross the 
neural membrane (16). The initial pH of the adjusted 
solution was maintained for a prolonged period al- 
lowing a much higher amount of 2CP to diffuse 
intraneurally. The longer duration can be explained 
by the fac: that the resultant elevated intraneural 
drug concentration requires a longer time to dissi- 
pate. This hypothesis is supported by the multiple 
regression analysis that demonstrated that duration 
was significantly influenced to a large degree by pH 
and to a lesser degree by PCO,. Approximately 80% 
of the variance in the data is explained by this model. 
Reasonable agreement exists when one examines the 
relationshid of the actual and predicted values when 
plotted using the identity line as a reference (Fig. 3). 

Our data differ from those of Parnass et al. (17) 
who reporzed that the alkalinization of a local anes- 
thetic could cause an accelerated decrease in blood 
pressure. Only one patient in our study developed 
hypotension, which was in the tromethamine buff- 
ered group (Group II). 

In summary, alterations in onset of action of 2CP 
appear to involve critical levels of PCO, and pH in 
addition tc other currently unidentified albeit impor- 
tant factors. Prolongation of epidural analgesia ap- 
pears to be heavily influenced by changes in pH 
which, depending on choice of alkalinizing agent, 
can be fairly long lived. A pH adjustment of 2% 2CP 
to 7.7 wich sodium bicarbonate significantly de- 
creased the onset of epidural analgesia, which under 
routine circumstances, may not appear to be clinically 
significant. However, a more rapid onset of analgesia 
with the use of buffered 2CP could be of benefit to 
both the mother and fetus in cases where an emer- 
gency forceps delivery must be performed or in 
instances in which imminent delivery is anticipated. 
The increased duration of action of tromethamine 
buffered 2% 2CP is clinically significant, but this 
benefit must be weighed against the slower onset of 
action. Additional well controlled prospective studies 
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are warranted to determine whether 1) other factors 
governing speed of onset can be identified, and 2) 
whether the data reported here for 2CP can be 
reproduced with other local anesthetics. 
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and anesthetic potency. Anesth Analg 1989;68:599-602. 


Previous studies have shown that the anesthetic potency of 
organic compounds increases as a given halogen is replaced 
with successively larger halogens. These studies often are 
limited in the accuracy of determination of potency, rarely 
correlate potency with physical properties, and usually fail 
to include ether compounds. Because establishing relation- 
ships between structure and activity may shed light on 
anesthetic action, we studied the new anesthetic, 1-537 
(CHF,-O-CHBr-CF;), relative to two other ether anesthet- 
ics, 1-653 (CHF,-O-CHF-CF;) and isoflurane (CHF,- 
O-CHCL-CF;) for both of which MAC and oil/gas partition 
coefficients are accurately known. The oil/gas partition 
coefficient of I-537 at 37°C was found to be 245 + 6 (mean 


Structure-activity relationships may provide insights 
into the mechanisms of anesthetic action. Results 
from previous studies suggest that halogenation 
of an organic compound with bromine (Br) pro- 
duces a more potent anesthetic than halogena- 
tion with chlorine (Cl) which, in turn, provides 
greater potency than fluorine (F) (1,2). Thus, in the 
CF,CH,X series (where X indicates the halogen), 
substitution of Br for Cl has been reported as increas- 
ing potency nearly 3-fold while substitution of Cl 
for F has been said to increase potency 5-fold (1,2). 
This relationship also has been reported with other 
alkane series (Fig. 1). 

However, these findings are qualified by: 1) lim- 
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+ sp) and the MAC in Sprague-Dawley rats 0.52 + 
0.07%. Increasing atomic weight of the 1-ethyl halogen 
(i.e., F in 1-653, Cl in isoflurane, and Br in 1-537) 
progressively decreases MAC (increases potency) and in- 
creases lipid solubility. Although potency and solubility 
change by moze than 10-fold, the product of MAC and the 
oil/gas partiton coefficient remains essentially constant 
(120 + 11), Kowever, this product is significantly less than 
that for other inhaled anesthetics, a finding which either 
challenges the unitary theory of narcosis or suggests that 
the lipid soleent classically used to model the site of 
anesthetic act-on (olive oil) is inappropriate. 


Key Words: POTENCY, aNESTHETIC—MAC, 
inhalation anesthetics. ANESTHETICS, VOLATILE— 
isoflurane, 1-653, I-537. THEORIES OF 
ANESTHET-_C ACTION, LIPID SOLUBILITY. 
PHYSICS, SOLUBILITY. 


ited accuracy in the determination of anesthetic po- 
tency; 2) ebsence of attempts to correlate potency 
with phys.cal properties (e.g., important physical 
characteris-ics such as lipid solubility are unknown 
or inadequately defined); and 3) failure to evaluate 
ether compounds. Only one oil/gas partition coeffi- 
cient is available for the CF,-CHFX [namely CF,- 
CHFBr (7)| and CF3,-CHCIX [namely CF,-CHCIBr (8)] 
series, and only two are available for the CF,-CHBrX 
[CF,-CHBr¥ (7) and CF,-CHBrCl (8)] and CF,CH,X 
[CF,CH,F 12) and CF,CH,Cl] [Fiserova-Bergerova V, 
Kawiecki k, unpublished data (9)] series. The noble 
gases, Ar, Xr, and Xe, are the only series for which all 
oil/gas partition coefficients have been determined 
(Table 1). 

We have investigated the properties of a new 
brominated ether anesthetic, (1-537: CHF,-O-CHBr- 
CF,), and compared them to those of two other 
previously documented ether compounds, one con- 
taining ch_orine (isoflurane: CHF,-O-CHCI-CF,) and 
the other containing fluorine (1-653: CHF,-O-CHF- 
CF). 
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INCREASING HALOGEN OF NOBLE GAS SIZE 
DECREASES THE ANESTHETIC EDso 


ANESTHETIC MOLECULE 





EDso's NORMALIZED TO EDss FOR & OR Kr 


Figure 1. EDsgvalues for F, Cl, Br, and I (all indicated by X) are 
normalized to ED. for Br; EDs) values for Ar, Kr, and Xe are 
normalized to EDs, for Kr. Ne, Ar, Kr, and Xe share rows in the 
periodic table of the elements with F, Cl, Br, and I respectively. Ne 
results in no anesthesia in tolerable pressure ranges. The following 
EDs, references are not normalized. They are reported by species 
and methods of ED<, determination and EDs, (in % atm): CHF,- 
O-CHF-CF, (rat; no movement with supramaximal stimulus; 
5.72%) (3); CHF,-O-CHCI-CF, (rat; no movement with supramax- 
imal stimulus; 1.38%) (4); CF3-CH,F (unspecified species and 
endpoint; 40%) (2); CF;,-CH,CI (mouse; loss of righting reflex; 8%) 
(1); CF;-CH,Br (mouse; loss of righting reflex; 2.8%) (1); CF;-CHI 
(mouse; loss of righting reflex; 1.25%) (1); CF;-CHFBr (unspecified 
species and endpoint; 5%) (2); CF,-CHFI (unspecified species and 
endpoint; ~2%) (2); CF,-CHCI, (mouse; loss of righting reflex; 
2.7%) (1); CF,;CHCIBr (mouse; loss of righting reflex; 0.65%) (5); 
CF,-CHBr, (mouse; loss of righting reflex; 0.4%) (1); Ar (mouse; 
loss of righting reflex; 1520%) (6); Kr (mouse; loss of righting reflex; 
450%) (6); and Xe (mouse; loss of righting reflex; 95%) (6). Accuracy 
of EDsp values from earlier studies may be limited, because these 
studies did not control for temperature changes likely to have 
occurred during measurement of the anesthetic endpoints. 


Table 1. Noble Gas Series 


ED 55 
Noble gas (% atm) O/G EDs x O/G 
He t (10, 11) 0.0176 (12) t 
Ne + (11) 0.0217 (12) t 
Ar 1520 (6) 0.150 (12) 228 
Kr 450 (6) 0.458 (13) 206 
Xe 95 (6) 1.85 (13) 176 


O/G is the oil/gas partition coefficient at 37°C, the oil being olive oil. 

EDgg for this series was the righting reflex. 

tAnesthetic effects of He and Ne are antagonized by the high pressures 
required to obtain the theoretically anesthetizing concentration. 

Numbers in parentheses indicate reference for the value. 


Materials and Methods 


Partition Coefficients 


We determined oil/gas (N = 6) and blood/gas (N = 4) 
partition coefficients of I-537 by standard techniques 
using olive oil as the lipid solvent (14,15). Blood was 
obtained from fasting, preoperative patients after 
acquiring informed consent and approval from the 
UCSF Committee on Human Research. 
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Figure 2. This schematic representation of the closed circuit used 
in the study is described in detail in the text. 


MAC 


Our study was approved by the UCSF Committee on 
Animal Research. Eight specific-pathogen-free, 2.5- 
month-old, male Sprague-Dawley rats weighing 315 
+ 20 g (mean + sp) were purchased from the Charles 
River Laboratories. Animals were caged individually 
and each had continuous access to standard rat chow 
and tap water before and after study. , 

MAC was determined as described previously 
(4,16), except that our limited supply of I-537 required 
the use of a closed anesthetic system. We modified a 
system used earlier (17), using a circuit (Fig. 2) rather 
than a to-and-fro system for elimination of carbon 
dioxide. We used Plexiglas® cylinders (chambers) 30 
cm long, with an internal diameter of 6.3 cm, to 
house the rats during individual study (one rat per 
chamber). This diameter permitted the rat to crawl 
into the chamber, but prevented his turning around. 

Both ends of the chamber were equipped with 
rubber stoppers. The stopper at the “head” end of 
the chamber was traversed by two tubes: a catheter 
(not shown in Fig. 2) for sampling the atmosphere in 
the chamber, and a universal adapter connected to 
the circuit tubing for recirculation of gas containing 
J-537. The sampling catheter was sealed with a stop- 
cock when not in use. Four chambers were connected 
in parallel with two tiers of T-tubes. The resulting 
single outflow tube had a catheter inserted (sealed 
with a stopcock when not in use) for injecting anes- 
thetic vapor. The outflow tube was connected to a 
T-tube. One arm of the T-tube was connected via a 
one-way valve (allowing only ingress of oxygen) to an 
oxygen source equipped with a low-pressure, water- 
controlled, pop-off valve. The other end of the T-tube 
was connected to another T-tube fitted with a reser- 
voir bag. The system was connected to a bag-in-box 
to which an Air-Shields® Ventimeter Ventilator inter- 
mittently (20-30 times per minute) applied positive 
pressure. The bag had a nominal volume of 500 ml. 
This arrangement incorporated two one-way valves 
and provided the circulatory movement of gases in 
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the system needed to eliminate carbon dioxide and to 
assure adequate mixing of anesthetic introduced into 
the system. A carbon dioxide absorber charged for 
each study with 50-55 g of fresh, commercial 
(Sodasorb®) soda lime was placed between the ven- 
tilator and the “tail” end of the chamber. The ab- 
sorber had walls of stainless-steel mesh and fit snugly 
within a surrounding Plexiglas® housing. 

The stopper at the “tail” end of each of the 
chambers was pierced by two holes, one for the tail 
and one through which a small rectal temperature 
probe was passed (not shown in Fig. 2), and by a 
universal adapter connected to the circuit tubing by 
two tiers of T-tubes. This design allowed us to flush 
oxygen through the circuit before beginning the 
study and to circulate 1-537 during the study. [-537 in 
oxygen flowed through the chamber from “tail” to 
“head” end. The hole for the tail was large enough to 
allow passage of the tail, snugly but without constric- 
tion. 

We placed one rat in each chamber and inserted 
rectal thermister probes which we secured to the tails 
with tape. The tail was pulled through the hole in the 
stopper which was then sealed with Teflon® stopcock 
grease. Rectal temperatures were kept between 
37.2-39.0°C by external heating (infrared lamps) or 
cooling (ice applied to the tube). A minimum of 1 
L-min™*-rat~* flow of 100% oxygen was directed 
through the circuit for at least 15 minutes after which 
all openings to the circuit were sealed except that for 
oxygen delivery. 

A gaseous mixture of 1-537 (vapor pressure = 175 
mm. Hg at 20°C, Vernice GG, personal communica- 
tion) was produced by adding 0.01-0.10 ml liquid 
I-537 to 10-30 ml of oxygen in a 50-ml glass syringe 
sealed with a stopcock. The evaporation of the I-537 
rapidly increased the volume in the syringe. Anes- 
thesia was induced smoothly in each rat by adding 
vapor to the circuit through the injection catheter. 
MAC was determined in duplicate in all rats. 

MAC was measured using a variation of previ- 
ously described techniques (4,16). The rats were 
studied in two sets of four, within the same day. At 
least 20 minutes were allowed for equilibration at 
each step (concentration) used to bracket MAC. Be- 
cause we found that I-537 had a relatively high blood 
solubility (blood/gas partition coefficient, 3.22 + 0.10, 
mean + sp), we ensured approximate equilibration 
between inspired gas (which we measured) and alve- 
olar gas (which we did not measure) by applying a 
supramaximal stimulus to the tail at step-wise decre- 
ments in concentrations, beginning with a concentra- 
tion that exceeded MAC by two or more steps. The 
process was repeated once in each rat. The duration 
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of anesthesia prior to reaching the first concentration 
permitting movement was 119 + 11 minutes. 

The circu_ating concentrations of 1-537 and carbon 
dioxide were monitored by intermittent sampling. At 
2-minute intervals, gas samples were drawn from one 
of the compartments’ sampling catheters into a 50-ml 
glass syringe sealed with a stopcock. The constancy 
of I-537 concentration at each step was determined 
with a Beckman LB-2 infrared halothane analyzer. 
Gas samples were drawn for carbon dioxide analysis 
(Beckman LB-2 carbon dioxide analyzer) every 1-2 
hours. The concentration of carbon dioxide within 
the circuit remained between 0.7-0.8%. The halo- 
thane analyzer was calibrated with 1-537 samples 
from a secondary tank standard that had been cali- 
brated with a primary standard produced by injection 
of a liquid aliquot of 1-537 into a flask of known 
volume. The determination of the primary standard 
required the determination of the specific gravity of 
1-537 (1.85 g/ml at 22°C). 

Infrared analysis was used only for the monitoring 
needed to assure constancy of the anesthetic concen- 
tration. We used gas chromatography to determine 
the concentrations applied to the estimate of MAC. 
Sixty seconds prior to each MAC determination, a 
sample was drawn from one of the compartments’ 
sampling catheters and injected into a Gow Mac 
Model 750 gas chromatograph equipped with a 30-m, 
fused silica open tubular capillary column (0.53 mm 
inside diameter) coated with a 5-um layer of methyl- 
silicone oil (J & W Scientific DB-1) maintained at 40°C. 
A nitrogen carrier stream of 20 ml/min was directed 
through the column with a “make-up” flow of nitro- 
gen of 40 ml/min delivered to the detector. A flame 
ionization detector at 200°C was supplied by hydro- 
gen at 45 ml/min and by air at 280 ml/min. Samples 
were injected with a 0.05-ml gas sample loop. The 
chromatograph was calibrated with the secondary 
tank standard prior to each sample concentration 
determination. 


Results 


The bloodrgas and oil/gas partition coefficients of 
1-537 at 37°C were 3.22 + 0.10 and 245 + 6 (means + 
sp). The MAC of J-537 was 0.52 + 0.07%. All rats 
survived and appeared healthy 72 hours after anes- 
thesia. 


Discussicn 


Anesthetic potency increased 4.1-fold when chlorine 
(isoflurane! replaced fluorine (1-653), and 2.7-fold 
when bromine (1-537) replaced chlorine. Our results 
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Table 2. CHF,-O-CHX-CF, Series 


MAC 
X (% atm) O/G MAC x O/G 
F (I-653) 5.72 (3) 18.7 (18) 107 
Ci (Isoflurane) 1.38 (4) 90.8 (19) 125 
Br (1-537) 0.52 245 127 


O/G is the oil/gas partition coefficient at 37°C, the oil being olive oil. 
Numbers in parentheses indicate reference for the value. 


in this ether series confirm those for series of alkanes 
and are similar to anesthetic potency changes ob- 
served with the noble gases (Fig. 1). Combined, such 
findings indicate that anesthetic potency increases 
consistently with increasing molecular weight (Fig. 
1). This effect of increasing weight (and/or change in 
associated physical properties) must be accounted for 
by any theory of narcosis and may be applicable to 
the design of new anesthetics. 

The increase in potency due to halogen substitu- 
tion correlated closely with increased lipid (olive oil) 
solubility (Table 2), a finding consistent with the 
perception that anesthetics act in some hydrophobic 
site within the brain (20). The mean product of MAC 
and the respective oil/gas partition coefficient for 
I-653, isoflurane, and [-537 was 120 + 11. However, 
this product is significantly less than the values 
reported for other inhaled anesthetics. For example, 
the mean product of MAC and the respective oil/gas 
partition coefficient for methoxyflurane (CHCI,- 
CF,-O-CH;), halothane (CF3-CHBrCl), fluroxene 
(CF,-CH,-O-CH=CHs,), and cyclopropane [(CH,)s] is 
238 + 26 (21,22). Because methoxyflurane and fluro- 
xene are ethers, the difference in product between 
these four anesthetics and the three evaluated in the 
present study is not simply a consequence of the 
ether structure. In other species (mice, humans, and 
dogs), enflurane (CHF.,-O-CF,-CHFCI, a structural 
isomer of isoflurane) has a MAC approximately 50% 
greater than isoflurane despite the near-identity of 
their solubilities in olive oil (5,22). If the unitary 
theory of narcosis applies to 1-653, isoflurane, and 
1-537, it appears that olive oil is not entirely repre- 
sentative of the anesthetic site of action. Discovery of 
a more representative solvent may provide further 
insights into the character of the site of anesthetic 
action. Alternatively, one might argue that the uni- 
tary theory of narcosis is incorrect. 


The authors thank Winifred von Ehrenberg for editorial assistance. 
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BULLINGTON J, MOUTON PERRY SM, RIGBY J, 
PINKERTON M, ROGERS D, LEWIS TC, PREGANZ P, 
WOOD AJJ, WOOD M. The effect of advancing age on 
the sympathetic response to laryngoscopy and tracheal 
intubation. Anesth Analg 1989;68:603-8. 


The effect of aging on the hemodynamic and sympathetic 
response to tracheal intubation was evaluated in 27 patients 
aged 18 to 80 years, ASA Class I and II, given atropine 0.4 
mg and diazepam 10 mg as premedication and thiopental, 
4.0 mg/kg, and succinylcholine 100 mg for anesthesia 
induction. Laryngoscopy and tracheal tntubation was per- 
formed 60 seconds after induction. The elderly had signifi- 
cantly less chronotropic response to intubation 2, 3, 4, and 
5 minutes after induction so that the maximum increase in 
heart rate above awake values was negatively correlated 
with age (R = —0.66, P < 0.001). Baseline systolic blood 
pressure (SBP) and mean BP increased significantly with 
age (R = 0.81, P < 0.001 and R = 0.76, P < 0.001, 
respectively) but age was not significantly related to in- 
creases in SBP and mean BP following intubation. Baseline 
plasma norepinephrine (NE) levels increased with age (R = 
0.51, P < 0.01). Following intubation, mean plasma NE 
concentrations were significantly higher in elderly patients 
than young patients, despite the diminished heart rate 
response. Heart rate (HR) per pg/ml of NE, a measure of 


Laryngoscopy and tracheal intubation are often asso- 
ciated with hypertension, tachycardia, and an in- 
crease in plasma catecholamine concentrations (1-3). 
The mechanism for these reflex cardiovascular 
changes is unknown, but they may be a result of 
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cardiac sensitivity to beta stimulation, was therefore signif- 
icantly less 2. 3, and 4 mins after induction in elderly 
patients than in younger patients. To determine if this 
alteration in cardiac sensitivity to endogenous catechol- 
amines was re-lected by changes in beta receptor function on 
lymphocytes, beta receptor density and the proportion of 
receptor binding agonist with high affinity (%RH) were 
measured. No significant correlation between beta-receptor 
affinity for agonist, %RH, or receptor density was found 
with age, HR. or HR per pg/ml NE. Our results indicate 
that the elderly have a significantly lower chronotropic 
response to mtubation than do the young. As plasma 
catecholamines were higher in the elderly, while the blood 
pressure rise was not different, we conclude that this loss of 
response is probably not due to diminished sympathetic 
response or baroreceptor function. However, we were not 
able to correlate the heart response to norepinephrine with 
direct measures of beta, receptor function on circulating 
lymphocytes. 


Key Words: AGE—cardiovascular system. 
INTUBATICN, TRACHEAL—vascular responses. 
ANESTHET_C TECHNIQUES—laryngoscopy. 
SYMPATHETIC NERVOUS SYSTEM— 
catecholamines, norepinephrine. RECEPTORS, 
ADRENERGIC—beta,. 


reflex sympathetic activation, perhaps involving the 
baroreceptor system, provoked by stimulation of the 
epipharyrm: and laryngopharynx. Reflex cardiovascu- 
lar responses to mechanical stimulation of the upper 
airway have been described in cats (4) when in- 
creased neuronal activity was observed in cervical 
sympathetic efferent fibers. It has been suggested 
that the pressor response to tracheal intubation is also 
secondary to a reflex sympathetic discharge in hu- 
mans since plasma catecholamine concentrations are 
elevated fcllowing tracheal intubation, and beta ad- 
renergic receptor blockade attenuates the response 
(5-7). 
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An exaggerated response to laryngoscopy accom- 
panied by a marked increase in plasma norepineph- 
rine concentrations has been reported in hyperten- 
sive subjects (8). The incidence of hypertension and 
ischemic heart disease is increased in the elderly 
(9,10); in addition, important changes occur in the 
autonomic nervous system with advancing years. 
The baroreceptor response to hypertension is dimin- 
ished (11) and the elderly are less sensitive to beta- 
adrenergic agonists and antagonists as a consequence 
of reduced affinity of the beta-receptor for adrenergic 
agonists (12,13). Thus, patients in older age groups 
may show altered hemodynamic and sympathetic 
responses to the stimulus of laryngoscopy and tra- 
cheal intubation. The purpose of the present study 
was to determine the effect of increasing age on the 
adrenergic response to tracheal intubation and to 
evaluate the mechanism for any changes found. 


Methods 


The study was approved by the Vanderbilt Commit- 
tee for the Protection of Human Subjects and all 
patients gave written informed consent prior to par- 
ticipation in the study. Twenty-seven patients, aged 
18 to 80 years, ASA physical status I or II, were 
studied. Patients receiving any preoperative thera- 
peutic cardiovascular medications were excluded 
from the study and no patient had recognized cardio- 
vascular disease; in particular, patients with ischemic 
heart disease or hypertension by history or examina- 
tion were excluded from the study. All patients 
rested in the hospital the night before surgery and 
remained supine during this period and up to arrival 
in the holding room. 

Premedication consisted of diazepam, 10 mg, 
orally and atropine, 0.4 mg intramuscularly 60 min 
before induction of anesthesia. Following awake 
baseline recordings of systolic blood pressure (SBP), 
diastolic blood pressure (DBP), and heart rate (HR), 
general anesthesia was induced with thiopental, 4.0 
mg/kg followed by succinylcholine, 100 mg. Blood 
pressure was measured using an automated blood 
pressure cuff and heart rate was measured from the 
electrocardiogram. SBP, DBP, and HR were recorded 
after thiopental but before succinylcholine (zero time) 
and 1, 2, 3, 4, and 5 minutes after induction. Laryn- 
goscopy and tracheal intubation were performed 60 
seconds after induction. 

Venous blood samples were drawn with the pa- 
tients awake (baseline) and 2, 3, and 4 minutes after 
induction for the measurement of plasma norepi- 
nephrine concentrations by a radioenzymatic assay 
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(14). Blood samples for measurement of norepineph- 
rine were taken into tubes (on ice) containing reduced 
glutathione. At the same time as the blood samples 
were drawn, each patient’s heart rate and blood 
pressure were recorded as described above. Venous 
blood (45 ml) was drawn from patients when in the 
holding room before anesthesia had commenced for 
the measurement of beta-receptors on lymphocytes. 
A radioligand binding technique using ‘iodopin- 
dolol was used to determine receptor density and the 
receptor affinity for agonists was determined from 
isoproterenol competition binding curves (15). 
Whole blood was drawn and added to pre-chilled 
polypropylene tubes containing EDTA (1.4 mg/ml 
blood). Following centrifugation at 250 g for 20 min- 
utes the platelet-rich plasma was removed and the 
buffy coat collected and diluted with phosphate- 
buffered saline (pH 7.6) containing 3 mM EDTA. 
Mononuclear leukocytes were isolated according to 
the method of Boyum (16). The MNL band (80-90% 
lymphocytes) was harvested and resuspended in 90 
mM NaCl, 15 mM MgCl, 3 mM EDTA, and 6 mM 
sucrose buffered with 20 mM Tris-HCl (pH 7.6 at 
37°C, Vol = 35 ml) and centrifuged at 38000g for 10 
min at 4°C. The pellet was resuspended in 2 mM 
Tris-HCl containing 3 mM EDTA (Vol = 4 ml), 
homogenized for 10 seconds (Brinkman Polytron; 
setting 7) and recentrifuged at 38,000g for 10 minutes 
at 4°C. The final pellet was resuspended in Buffer A 
containing 20 mM Hepes (pH 7.4), 100 mM NaCl, 25 
mM MgCl, and 3 mM EDTA and homogenized for 
10 seconds (setting 5) before freezing in an ethanol- 
dry ice bath. Membranes were stored at —76°C. 
Before use membranes were thawed and homoge- 
nized for 5 sec (setting 5) and then diluted to an 
appropriate protein concentration with Buffer A. 
Lymphocyte membranes were incubated with 
iodopindolol for 60 min at 37°C in a final volume of 
250 pl containing 12 mM Tris-HCl (pH 7.6 at 37°C), 60 
mM NaCl, 9 mM MgCl, 1.8 mM EDTA, 3.6 mM 
sucrose with 4 ug/ml bovine serum albumin and 0.5 
mM ascorbic acid. The reaction was stopped by 
adding 10 ml ice-cold wash buffer, containing 10 mM 
Tris-HCl, 90 mM NaCl, 15 mM MgCl, and 3 mM 
EDTA, and rapidly filtered through Whatman GF/C 
filter. Filters were washed with a further 10 ml buffer 
and the radioactivity retained on the filters was 
determined in a Beckman Gamma 5500 counter at 
70% efficiency. Specific binding was calculated as the 
difference in the amount of I-PIN bound in the 
absence and presence of isoproterenol (0.1 mM). 
B-Adrenergic receptor density (B,,,,) was assessed 
from saturation binding curves by incubating mem- 
branes with nine concentrations of I-PIN (5-300 pM). 
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AGE AND SYMPATHETIC RESPONSE TO TRACHEAL INTUBATION 
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Figure 1. Heart rate and increases in heart rate above awake 
values (AHR) following laryngoscopy and tracheal intubation in 
young, middle aged and older patients. 


The Bmax was determined from the data using the 
computer program LIGAND (17). 

Receptor affinity for agonist was determined from 
agonist competition binding studies as previously 
described (15). Membranes were incubated with I- 
PIN (20 pM) and isoproterenol (0.1 nM-0.1 mM) 
in the absence and presence of GppNHp (0.1 
mM). Binding curves were analyzed by non-linear 
weighted regression analysis using LIGAND (17) to 
determine the best fit of the data to a one vs two 
affinity state model. For the two affinity state model, 
estimates were provided by the computer of the 
association constants for the high (KH) and low 
affinity states (KL) and the percentage of receptors in 
the high affinity state (%RH). 

Protein concentration was determined by the 
method of Lowry et al. using bovine serum albumin 
as a standard (18). 

Statistical analysis was by linear regression or 
analysis of variance followed by non-paired Student’s 
t-test as appropriate. 


Results 


Figure 1 shows the mean resting heart rate and 
increase in heart rate above baseline values following 
induction in the patients studied. Although there was 
no correlation between resting heart rate and age in 
patients while awake, linear regression analysis relat- 
ing increase in heart rate to age showed that the 
elderly patients had significantly less heart rate re- 
sponse to laryngoscopy and intubation 2 minutes 
(R = —0.60, P < 0.001), 3 minutes (R = —0.59, P < 
0.001), 4 minutes (R = —0.67, P < 0.001), and 5 
minutes (R = —0.70; P < 0.001) after induction. The 
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Figure 2. Maxmum change in heart rate after induction following 
laryngoscopy end tracheal intubation plotted against age. 
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Figure 3. Systolic blood pressure and increase in systolic blood 
pressure above awake values (ASBP) following laryngoscopy and 
tracheal intubation in young, middle aged, and older patients. 


maximum increase in heart rate above awake baseline 
values in the post-induction period was also nega- 
tively correlated with age (R = —0.66, P < 0.001; Fig. 
2). These data indicate that elderly patients have a 
smaller increase in heart rate than do younger sub- 
jects during laryngoscopy and tracheal intubation. 

There was a significant correlation between age 
and baseline SBP (R = 0.81, P < 0.001), DBP (R = 
0.55, P < 0 005) and mean blood pressure (R = 0.76, 
P < 0.001) respectively, showing the expected in- 
crease in b.ood pressure with advancing years (Fig. 
3). Age, however, was not significantly related to the 
increases in SBP, DBP, or mean BP above baseline 
values that occurred following laryngoscopy and tra- 
cheal intutation. When the patients were divided 
into three groups, young (18-34 yr, N = 9), middle 
aged (35-50 yr, N = 8), and older (51-80 yr, N = 10), 
the increases in SBP, DBP, or mean BP above awake 
values were not significantly different between the 
groups (Figures 3-5). Thus, elderly patients do not 
appear to have a greater increase in blood pressure 
than do younger subjects in response to laryngos- 
copy and tracheal intubation. 
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Figure 4. Diastolic blood pressure and increase in diastolic blood 
pressure above awake values (ADBP) following laryngoscopy and 
tracheal intubation in young, middle aged, and older patients. 
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Figure 5. Mean blood pressure and increase in mean blood pres- 
sure above awake values (ABP) following laryngoscopy and tra- 
cheal intubation in young, middle aged, and older patients. 


Plasma norepinephrine concentrations in awake 
patients increased with age (R = 0.51, P < 0.01). 
Following intubation, mean plasma norepinephrine 
concentrations were significantly higher in older pa- 
tients than in young patients (Fig. 6). The maximum 
increase in plasma norepinephrine concentration 
above awake values was also greater in elderly pa- 
tients, despite their diminished heart rate response 
(Fig. 7). Thus, in spite of the higher norepinephrine 
response to laryngoscopy and tracheal intubation, 
the elderly had a smaller increase in heart rate. HR 
per pg/ml of norepinephrine, a measure of cardiac 
sensitivity to beta receptor stimulation, was therefore 
significantly less 2, 3, and 4 min after induction in 
older than in younger patients (Table 1). 

To determine if this alteration in cardiac sensitivity 
to endogenous norepinephrine was reflected by 
changes in beta-receptor function on lymphocytes, 
beta-receptor density and the proportion of receptors 
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Figure 6. Mean plasma norepinephrine concentrations in young, 
middle aged, and older patients. 
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Figure 7. Increase in mean plasma norepinephrine concentrations 
in young, middle aged, and older patients. 


Table 1. Cardiac Sensitivity to 
Endogenous Norepinephrine 


Heart Rate per pg/ml Plasma Norepinephrine 


Middle 
Young Aged Older 
(18-34 years) (35-50 years) (51-80 years) 
HR/NE 2 min 0.54 + 0.10 0.44 + 0.03 0.29 + 0.04* 
HR/NE 3 min 0.46 + 0.12 0.39 + 0.04 0.23 + 0.03* 
HR/NE 4 min 0.51 + 0.09 0.53 + 0.13 0.22 + 0.03" 


*P < 0.05 compared to young patients. 


binding agonist with high affinity (% RH) were mea- 
sured. Receptor density was 23.9 + 4.9, 18.5 + 3.3, 
25.1 + 3.3 fmol/mg protein in young, middle aged, 
and older subjects, respectively. There was also no 
significant difference in % RH between any of the 
three study groups; 39.7 + 4.3, 46.7 + 6.2, and 40.6 + 
2.4, respectively (Table 2). In addition, no significant 
correlation between beta-receptor affinity for agonist 
(% RH) or receptor density was found with age, HR, 
increase in HR, or HR per pg/ml of norepinephrine. 


AGE AND SYMPATHETIC RESPONSE TO TRACHEAL INTUBATION 


Table 2. Beta Receptor Function 


Young Middle Aged Older 
18-34 years 35-50 years 51-80 years 


Receptor density 23.9 +449 185£33 25:12 3:3 
(fmol/mg protein) 

% RH 39.7 + 4.3 46.7462 406+ 2.4 

Discussion 


Intact autonomic nervous system reflexes and hor- 
monal mechanisms are important in the short term 
regulation of blood pressure during anesthesia in 
order to regulate an appropriate response to both 
hypo- and hypertension. We have previously shown 
that during sodium nitroprusside-induced hypoten- 
sion, the elderly exhibit a smaller increase in heart 
rate than do young patients in spite of similar in- 
creases in plasma catecholamine concentrations (19). 
In the present study we have investigated the hemo- 
dynamic and sympathetic response of elderly pa- 
tients to the “stress” of laryngoscopy and tracheal 
intubation. We found that plasma norepinephrine 
concentrations were significantly higher in older pa- 
tients than young patients and that the maximum 
increase in plasma norepinephrine concentration 
above awake resting values was also greater in el- 
derly patients following laryngoscopy and tracheal 
intubation. In addition, the increase in blood pres- 
sure was similar in all age groups. However, despite 
the higher plasma norepinephrine concentrations in 
elderly patients, there was a marked difference in the 
degree of tachycardia associated with the sympa- 
thetic stimulation induced by laryngoscopy and tra- 
cheal intubation. | 

The failure of heart rate to increase normally in 
elderly patients in response to the increase in plasma 
norepinephrine associated with intubation could be 
due to either a loss of sensitivity to cardiac beta 
adrenergic stimulation, so that similar catecholamine 
levels produced a smaller rise in pulse rate, or to 
increased baroreceptor sensitivity in the elderly 
producing, through vagal stimulation, a greater re- 
duction in heart rate in the elderly. An increased 
baroreceptor sensitivity seems unlikely to be the 
explanation as previous studies of baroreceptor func- 
tion in the elderly have shown a decreased rather 
than increased sensitivity in this age group (11). On 
the other hand, decreased response to exogenously 
administered beta receptor agonists has previously 
been demonstrated in the elderly (12). Thus, the 
sympathetic stimulation produced by laryngoscopy 
and tracheal intubation produces similar increases in 
blood pressure in elderly and young individuals but a 
smaller increase in heart rate, implying that sensitiv- 
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ity to the vasoconstrictive effects of alpha receptor 
stimulation :s similar in the two age groups but the 
sensitivity to beta receptor stimulation is different as 
reflected in an altered cardiac chronotropic response. 
It is important to note that the patients in this study 
received atropine as part of their premedication in 
order to reduce vagal stimulation. Other workers 
have shown that the elderly have a diminished re- 
sponse to anticholinergic agents (20), although de- 
tailed pharmacokinetic-pharmacodynamic responses 
remain to be defined. 

To investigate whether the alterations in cardiac 
sensitivity cbserved in this study were reflected in 
changes in beta receptor function, we studied beta 
receptors on circulating lymphocytes obtained from 
the patients prior to induction of anesthesia. We have 
previously shown that although there is no change in 
B-receptor density in the elderly, the affinity of the 
B-receptor tor adrenergic agonists decreases with 
advancing aze (13). Physiologic changes in circulating 
catecholamines “down-regulate” B-receptor function 
in young individuals while impairment in the cou- 
pling of the B-receptor adenylate cyclase complex in 
the elderly accounts for the reduction in B-adrenergic 
responsiveness that has been shown to occur in older 
patients. In the present study, no age related differ- 
ence was seen in either beta receptor density or the 
affinity of the beta receptor for the agonist isoproter- 
enol. Thus, in this population, changes in lympho- 
cyte beta receptors on the cell surface did not predict 
the sensitivity of the heart to norepinephrine stimu- 
lation durir.g anesthesia. This may be because the 
alteration in beta receptor sensitivity in the elderly 
during anesthesia is partially due to changes in the 
receptor adenylate cyclase system, distal to the recep- 
tor site. For example, there is a decreased ability in 
the elderly to stimulate adenylate cyclase that is at 
least partial_y mediated by a deficient response of the 
enzyme adenylate cyclase itself (21). An additional 
complicating factor is that the beta receptors on 
lymphocytes are of the beta, subtype whereas those 
mediating the chronotropic effects on the heart are 
mainly of the beta, subtype, so that the changes seen 
in cardiac beta receptor sensitivity during anesthesia 
may not always parallel changes in lymphocyte beta 
receptors. It is also possible that plasma catechol- 
amine concentrations were elevated in the pre- 
operative period in all our subjects, due perhaps to 
anxiety, thereby “down-regulating” beta-receptor 
function sc that values for beta receptor affinity 
(%RH) were similar in all age groups. 

Differences in hemodynamic response to thio- 
pental between the three age groups in this study 
might also be responsible in part for the adrenergic 


ANESTH ANALG 
1989;68:603-8 


608 


and cardiovascular changes encountered in our 
study. A decrease in thiopental requirement has been 
demonstrated in elderly subjects (22); and it has been 
suggested that a reduced volume of distribution of 
the central compartment with resultant elevation in 
plasma thiopental concentration might lead to an 
increased drug effect acutely in older patients (23). 
However, other workers have failed to show such a 
change in central volume of distribution (24,25), and 
since no reliable dosage guidelines are available, we 
administered the same dose of thiopental to all our 
patients. . 

We have shown that the elderly patient has an 
exaggerated increase in sympathetic activity follow- 
ing the noxious stimulus of laryngoscopy and tra- 
cheal intubation, as manifest by increased plasma 
norepinephrine concentration, which is accompanied 
by a similar increase in blood pressure but a reduced 
chronotropic response, reflecting an impaired beta, 
receptor response but normal alpha, receptor respon- 
siveness in these elderly patients. 
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The objective of this study was to compare intubating 
conditions and neuromuscular effects using smaller doses of 
atracurium (0.25 mg/kg and 0.3 mg/kg) with the recom- 
mended dose of 0.4 mg/kg for intubation in children 
anesthetized with halothane, N,O and oxygen undergoing 
strabismus repair. All patients (10 in each group) had good 
or excellent intubating conditions at 80% depression of 
twitch height [T1 of train-of-four (TOF) stimulation]. 
Mean times to intubation were 2.6 + 0.2 minutes following 
0.25 mg/kg and 2.2 + 0.2 minutes following 0.3 mg/kg. 


Succinylcholine has been used for many years to 
produce neuromuscular paralysis. With development 
of newer intermediate acting nondepolarizing muscle 
relaxants, the role of succinylcholine for intubation in 
children has become more controversial (1,2). 

The primary advantages of succinylcholine are a 
faster onset and a shorter duration of action when 
compared to the currently available nondepolarizing 
muscle relaxants. The use of succinylcholine for intu- 
bation in children is associated with several side 
effects including bradycardia (3), cardiac dysrhyth- 
mias (4), postoperative muscle pain (3), masseter 
spasm (5), and malignant hyperthermia (6). For stra- 
bismus repair in children, use of succinylcholine 
poses even more risks. It interferes with the forced 
duction test (7,8) and there is an increased incidence 
of myoglobinuria (9), masseter spasm (10), and onset 
of malignant hyperthermia in patients genetically 
susceptible to it (11). 

Atracurium may provide an alternative to succinyl- 
choline for intubation in children. It is associated with 
fewer cardiovascular side effects (12,13) and, as a non- 
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These times were significantly longer (P < 0.05) than the 
mean intubation time of 1.5 + 0.2 minutes following 0.4 
mglkg. Mean times to recovery, defined as times from 
injection of atracurium to return of T1 of TOF to 10%, 
25%, and 95% of control measurements, were significantly 
shorter with the smaller doses. Atracurium at these low 
doses may provide an alternative to succinylcholine for 
intubating children during halothane anesthesia for surgical 
procedures laszing 20-30 min. 


Key Words: ANESTHESIA, PEDIATRIC. 
ANESTHETICS, vo_atire—halothane. 
NEUROMUSCULAR RELAXANTS, ATRACURIUM. 
INTUBATION, ENDOTRACHEAL. 


depolarizing muscle relaxant, it is not associated with 
side effects seen with succinylcholine. Most impor- 
tantly atracurium is not associated with masseter spasm 
and it does not trigger malignant hyperthermia. How- 
ever, use of atracurium for intubation in children may 
be disadvantageous for short procedures. To decrease 
the onset time of atracurium for intubation to an accept- 
able range, a large dose must be used with a conse- 
quent increase in duration that may far exceed the 
requirements for simple surgical procedures (12,13). 

Existing data suggest that it may be possible to 
achieve a reasonably rapid onset time and a shorter 
duration of action with smaller doses of atracurium 
than those usually recommended for intubation in 
children. The objective of this study was to examine 
intubating conditions and times to recovery when 
two smaller doses of atracurium, 0.25 mg/kg and 0.3 
mg/kg (approximately one to one and a half times the 
ED95 dose} were used in children scheduled for 
strabismus repair under halothane anesthesia, and to 
compare these results to those associated with the 
more usually recommended dose of 0.4 mg/kg (ap- 
proximately twice the ED95 dose). 


Methods and Materials 


The protocol was approved by the Institutional Re- 
view Board on Research. Parental informed consent 
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was obtained. Thirty children between the ages of 
two and ten years (ASA physical status I and II) who 
required general anesthesia for an ambulatory surgi- 
cal procedure to correct strabismus were studied. 

otandard monitoring including a precordial stetho- 
scope, electrocardiogram, automatic blood pressure 
cuff, rectal temperature probe, and a pulse oximeter 
were placed on all patients. Anesthesia was induced 
using a mask, with nitrous oxide (60%), oxygen 
(40%), and halothane, the concentration of which 
was gradually increased and then maintained at 
1.5%. Anesthesia was allowed to stabilize at this level 
for 15 min prior to administration of the muscle 
relaxant. 

Patients were randomly assigned to one of three 
groups. Following the establishment of a stable anes- 
thetic level, patients assigned to group I (N = 10) 
received 0.25 mg/kg of atracurium, patients in group 
H (N = 10) received 0.3 mg/kg of atracurium, and 
patients in group III (N = 10) received 0.4 mg/kg of 
atracurium for intubation. 

Neuromuscular function was monitored by stimu- 
lating the ulnar nerve supramaximally at the wrist 
using surface electrodes at 10 s intervals with train- 
of-four (TOF) stimuli. A control measurement of the 
neuromuscular response was obtained following in- 
duction prior to administration of the muscle relax- 
ant. 

All patients were intubated at 80% depression of 
baseline T1 twitch height. Intubating conditions of 
the patients were noted independently by the anes- 
thesiologist performing the intubation, and by an 
independent observer, both of who were blinded as 
to the atracurium dose given. Intubating conditions 
were rated as excellent (easy passage of the tube 
without coughing); good (cords immobile, slight dia- 
phragmatic movement); poor (cords moving, buck- 
ing); intubation not possible (cords apposed). These 
corresponded to intubation scores of 3, 2, 1, and 0 
respectively. The final intubation score was a score 
agreed upon by both the anesthesiologist performing 
the intubation and by the independent observer. 

Following intubation, neuromuscular function was 
allowed to recover spontaneously. All recovery time 
intervals were measured from the time of injection of 
the muscle relaxant. The following were also re- 
corded: intubation time (time from injection to 80% 
depression of T1 of TOF), onset time (time from 
injection to maximum depression of T1 of TOF), 
maximum block (maximum percent depression of T1 
of TOF), and recovery times (time taken for sponta- 
neous recovery of T1 of TOF to 10%, 25%, and 95% of 
control measurements). 

Comparison was made between the three groups 
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Table 1. Patient Data Age and Weight (Mean + SEM) 


Group I Group II Group III . 
Age (years) 46+ 91 4.2 + .70 4.9 + .77 
Weight (kg) 19.3 + 2.3 17.2 + 1.6 20.4 + 2.6 


intubation Score 
4 





0.25 9.80 0.40 
Atracurium Dose (mg/kg) 
Mode 


Figure 1. Intubation scores expressed as the mode (zz) for each of 
the three patient groups. 


by analysis of variance using the Student-Newman- 
Keuls test. P values <0.05 were considered statisti- 
cally significant. All values are reported as mean + 
SEM unless otherwise noted. 


Results 


The three groups were comparable in age and weight 
(Table 1). All patients had good or excellent intubat- 
ing conditions. The modes of intubation scores for 
each group were identical (Fig. 1). 

Mean times to intubation were 2.6 + 0.2 minutes, 
2.2 + 0.2 minutes, and 1.5 + 0.2 minutes for groups 
I, ll, and III respectively. Mean onset times were 
4.5 + 0.3 minutes, 3.8 + 0.3 minutes, and 2.4 + 0.3 
minutes for groups I, H, and Ill respectively. Both 
intubation times and onset times were significantly 
shorter in group Ili than in groups I and II. There 
were no statistically significant differences in these 
variables between groups I and II (Fig. 2). All patients 
in group III developed 100% depression of T1. This 
was significantly different when compared to groups 
I and II, where the maximum block developed was 
97% + 0.7 and 98% + 1.0 respectively. 

The mean recovery times to T10, T25, and T95 
were significantly longer in group II than in groups I 
and II. There were no statistical differences in these 
variables between groups I and II (Table 2). 


INTUBATION WITH ATRACURIUM 
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Figure 2. Summary of intubation times (80% block T,-TOF) (mm) 
and onset of maximal block (®) for each of the three patient 
groups. “indicates P < 0.05 in comparison with other doses. 


Table 2. Recovery Times Minutes (Mean + SEM) 
Twitch Height (% of control) 


T10 T25 T95 
Group | 18.0 + 1.7 23.5 + 1.6 42.1 + 2.6 
Group II 20.3 + 1.0 25.7 £11 45.2 + 2.0 
Group III 27.6 + 2.0* 325 22.2" 522 L7 


Summary of recovery times (10%, 25% and 95% recovery of T,-TOF) for 


each of the three patient groups. *indicates P < 0.05 in comparison with 
other doses. 


Discussion 


The use of succinylcholine for intubation in children 
may be associated with various side effects. In addi- 
tion to its cardiovascular effects, there is a 46% 
incidence of postoperative muscle pain (3) and up to 
a 1% incidence of masseter spasm when succinyl- 
choline is used after halothane induction (5). 

In patients with strabismus, however, there is a 
further increase in the incidence of side effects. Suc- 
cinylcholine makes interpretation of the forced duc- 
tion test unreliable for 15-20 min (7,8). There is a 
fourfold increase in the incidence of myoglobinuria in 
strabismus patients, compared to general surgical 
patients (9). The incidence of masseter spasm is 2.8% 
when halothane-succinylcholine is used in children 
with strabismus, fourfold greater than in children 
without strabismus (10). Muscle contracture tests, 
based on calcium uptake rates, have been said to 
identify malignant hyperthermia susceptibility in 
more than half of the children who develop masseter 
spasm, though the incidence of clinical malignant 
hyperthermia is much lower (1 in 15,000) (5). This 
test, however, does not permit distinction between 
normal and malignant hyperthermia susceptible 
muscle, nor does it correlate with the caffeine con- 
tracture test (14). In spite of controversy regarding 
the association between masseter spasm and suscep- 
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tibility to malignant hyperthermia (15-17), strabismus 
is recognized as representing an underlying myopath- 
ic disorder that may also be related to malignant 
hyperthermia (11). 

The advantage of succinylcholine in this clinical 
setting is a rapid onset time and a short duration of 
action compared to nondepolarizing muscle relax- 
ants. It is commonly stated that this advantage of 
succinylcholine far outweighs the risks and side ef- 
fects associated with its use (1,2). 

Atracurium has a number of theoretical advan- 
tages over succinylcholine and may provide a safe 
alternative for intubation in children for short surgical 
procedures (12,13), especially in patients that may 
have an increased incidence of succinylcholine asso- 
ciated side effects. As a nondepolarizing muscle re- 
laxant, atracurium is not associated with any of the 
above side effects of succinylcholine. It is not associ- 
ated with masseter spasm and does not trigger ma- 
lignant hyperthermia. However, the disadvantage of 
using atracurium at currently recommended doses 
for intubation is that recovery times are longer. It was 
hoped that following induction of anesthesia with 
halothane, it would be possible to use lower doses of 
atracurium to produce good intubating conditions 
with a reasonable onset time without producing a 
prolonged duration of action. This study was de- 
signed to evaluate the response of two smaller doses 
of atracurium compared to the dose currently sug- 
gested for endotracheal intubation. 

Several factors can affect intubating conditions. 
These include premedication, depth, duration and 
type of general anesthesia, intubating skills of the 
anesthesiologist, anatomy of the airway, and the 
degree of hyperventilation (12,18). Intubation of a 
child is often carried out under deep halothane anes- 
thesia without any muscle relaxant. This practice may 
be hazardous for some children and carries the risk of 
hemodynamic changes associated with deep anesthe- 
sia, mechanical injury to the airway, laryngospasm, 
incorrect endotracheal tube placement (either in the 
esophagus or mainstem bronchus), coughing, and 
bucking after tube placement with subsequent arte- 
rial desaturation. Since the introduction of routine 
use of pulse oximetry in pediatric patients at our 
institution, it is our impression that arterial desatura- 
tion occurs more frequently when intubation is car- 
ried out under deep halothane anesthesia alone, than 
when intubation is facilitated by a muscle relaxant. 

Satisfactory intubating conditions are usually 
present when neuromuscular monitoring demon- 
strates greater than 75-80% depressions of twitch 
height (18). All our patients had good or excellent 
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intubating conditions at 80% depression of T1 of 
TOF. 

These results demonstrate that atracurium in 
doses of 0.25 and 0.3 mg/kg provide a reasonably 
rapid onset of action. Although intubation times were 
shorter following the larger dose of atracurium based 
on statistical analysis, the clinical significance of this 
difference (0.7-1.1 minutes) is minimal. 

Recovery times following neuromuscular blockade 
is influenced by several factors. The anesthetic tech- 
nique used, definitions of the recovery times, the 
neuromuscular monitoring technique used, age of 
the patient and many other pharmacokinetic and 
pharmacodynamic factors all of which may prolong 
recovery of any nondepolarizing muscle relaxant. 
T10, T25, and T95 recovery times were analyzed in 
this study to represent reversibility from neuromus- 
cular blockade, clinical duration and complete recov- 
ery of the neuromuscular blockade respectively. 

Recovery times in this study following smaller 
doses were significantly shorter, both clinically and 
statistically, when compared to the recovery times 
following the recommended dose of 0.4 mg/kg. 

Recovery time to T10 (i.e., time to safe reversal) 
was over 70% shorter with the-decreased dose, a 
factor which may significantly decrease operating 
room time during short procedures. 

The present results must be compared with previ- 
ous reports of Goudsouzian et al. (12) and with those 
of Brandon et al. (13), who also examined intubation 
times and recovery rates associated with use of atra- 
curium in children. Goudsouzian et al. (12) studied 
0.4 mg/kg atracurium in children two to ten years of 
age in whom anesthesia was induced and maintained 
with N,O/O, and 1.5% inspired halothane. Neuro- 
muscular responses were monitored with a force 
transducer. The mean onset time was 2.0 + 0.3 
minutes. They defined T25 and T95 recovery times 
from the onset of maximal neuromuscular blockade 
to return of twitch height to 25% and 95% of control. 
In their study, mean T25 recovery time was 37.6 + 1.1 
minutes and mean T95 recovery time was 68.5 + 0.4 
minutes respectively. 

Brandon et al. (13), using evoked compound elec- 
tromyograms, studied responses following 0.4 mg/kg 
atracurium in children two to ten years old in whom 
anesthesia was induced and maintained with N,O/O, 
and halothane at end-tidal concentration of 0.8%. 
Mean onset time in their study was 2.4 + 0.2 min- 
utes. They did not define the recovery times but the 
mean T25 recovery time was 23.1 + 1.0 minutes and 
mean T95 recovery time 40.0 + 4.4 minutes. Our 
results are consistent with those reported by Goud- 
souzian et al. (12). The shorter recovery times re- 
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ported by Brandon et al. may reflect less potentiation 
by the inhalation agent, since they used a lower 
concentration of halothane to maintain anesthesia. 

In conclusion, use of lower doses of atracurium 
(approximately 50-60% of generally recommended 
doses) for intubation allows one to avoid the potential 
side effects associated with succinylcholine yet still 
provide good but rapidly reversible intubating condi- 
tions. Low-dose atracurium, in combination with 
halothane, provides a useful alternative to succinyl- 
choline especially in patient populations where risks 
associated with succinylcholine may be increased and 
duration of the surgical procedure is short. 

As a result of this study, our current practice is to 
use 0.25-0.3 mg/kg of atracurium for intubation of 
children having halothane anesthesia for short surgi- 
cal procedures of 20-30 min in duration. 


The authors thank Dr. Rosemary Mitchard and Dr. Eva Harnik for 
help rendered in same day surgery and Ms. Cherry Graziosi for her 
administrative assistance. 
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Fifty-Five Years Ago In 
Anesthesia & Analgesia 


Fifty-five years ago in Anesthesia and Analgesia, 13: 75—79, 1934. 
K. W. Thompson: Fatalities from Spinal Anesthesia 


Bent Brigham Hospital in Boston. That Thompsən, a surgeon, understood 


Te author of this paper was Harvey Cushing Fellow in Surgery at the Peter 


a study like this is a reflection of the interest of his chief, Cushing, in 
anesthesia. Cushing was indeed a friend of anesthesia. It was he who introduced 
the radical idea of taking the blood pressure during anesthesia. It was he who later 
introduced the additional radical idea that blood pressure (and pulse) be not only 
taken, but recorded during anesthesia. He was codeveloper of the first formal 
anesthesia record. He also put together one of the most complete and most widely 
admired collections of printed materials on the history of anesthesia (presently 
housed at another institution). Thompson’s contribution in this paper was 
twofold. First, he attempted to determine the death rate associated with spinal 
anesthesia. To this end he surveyed the outcomes of the 1676 patients with spinal 
anesthetics administered at the Brigham since it opened some 20 years earlier 
(1.e., about 80 spinals per year). He found that of the 77 in-hospital deaths that 
occurred after spinal anesthesia, eight were related to zhe anesthesia to a greater 
or lesser degree, one of which was unquestionably the result of the anesthesia. No 
attempt was made to determine death rate associcted with other types of 
anesthesia. Whether spinal was safer or more dangerous cannot, therefore, be 
determined. Second, Thompson, after summarizing each of the eight deaths, 
analyzed (rather retrospectively, of course) the causes of the eight deaths 
associated with or due to spinal anesthesia to determine how such fatalities could 
be avoided. He found that decreases in blood pressure were associated with 
parallel decreases in heart rate. When profound (systclic pressure below 80 mm 
Hg; heart rate below 65), these decreases were frequent harbingers of cardiac 
arrest. Cardiac arrest occurred before respiratory arrest (i.e., phrenic nerves were 
functionally still intact, but cerebral blood flow was inadequate, leading to 
medullary ischemic respiratory arrest). The best preventive measures were the 
head-down position and ephedrine, both of which, along with the intravenous 
infusion of a highly diluted concentration of epinephrine, also constituted the best 
treatment. Thompson’s conclusions about prevention and treatment of hypoten- 
sion made as good physiologic sense in 1934 as they do today and can still be 
heard to echo, through the mouths of others, through the operating rooms of 


today. 
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Cognitive Impairment after Neuroleptanalgesia in Cataract Surgery 
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CHUNG F, LAVELLE PA, McDONALD S, CHUNG A, 
McDONALD NJ. Cognitive impairment after 
neuroleptanalgesia in cataract surgery. Anesth Analg 
1989;68:614-8. 


This study was undertaken to evaluate the mental recovery 
of patients following cataract operations under neurolept- 
analgesia. Mental function was assessed by Mini-Mental 
State (MMS) preoperatively and at 6 and 24 hours postop- 
eratively. Preoperatively, 18.7% of the elderly had cogni- 
tive impairment of mental function while none in the 
younger group had any impairment (P < 0.02). At six 
hours postoperatively, 29.7% of the elderly had cognitive 
impairment compared with 4% of the younger group (P < 


The increasing prevalence of geriatric patients in our 
population has made the operation for senile cataract 
more common. Karhunen found 50 of 1505 (3.3%) 
patients undergoing cataract extraction developed 
postoperative psychiatric reactions (1). Old age and 
markedly deteriorated vision seemed to contribute to 
this complication. An impairment of memory func- 
tion was shown at one week postoperatively in 
patients having either general or local anesthesia for 
cataract operations (2). No testing was done during 
the first six days and only memory function was 
tested. A significant impairment in mental function 
was reported in patients undergoing cataract extrac- 
tion with general anesthesia on the first postoperative 
day (3). In that study, 48 patients received general 
anesthesia, and 2 received local anesthesia. Thus, the 
effect of mental impairment after local anesthesia and 
sedation was not evaluated. 

A number of studies have been done to assess the 
effects of intravenous sedation on psychomotor re- 
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0.01). At 24 hours postoperatively, the percentage of elderly 
and younger patients with cognitive impairment had re- 
turned to preoperative levels. Baseline score and age were 
found to be significant predictors (P < 0.004) of the 6-hour 
score and 24-hour score. In conclusion, cognitive impair- 
ment of mental function occurred in patients undergoing 
cataract operation with retrobulbar block and intravenous 
sedation at 6 hours postoperatively; MMS has the potential 
for use as a screening preoperative test for outpatients to 
identify those at risk for developing cognitive impairment. 


Key Words: SURGERY, OPHTHALMOLOGIC. 
ANESTHETIC TECHNIQUES, NEUROLEPTIC. 
PSYCHOLOGIC RESPONSES, CATARACT SURGERY. 


covery. However, these are mostly done on volun- 
teers or healthy patients with larger doses of sedation 
(4,5). Patients undergoing cataract operations are 
usually elderly. An increasing bed shortage has made 
it popular to do cataract operations on an outpatient 
basis under retrobulbar block with intravenous seda- 
tion. No prospective study has been done to deter- 
mine the mental function of these patients in the 
perioperative period after neuroleptanalgesia. This 
study was undertaken to evaluate the cognitive re- 
covery of these patients. 


Methods 


The study was approved by the University Ethical 
Committee, and informed consent was obtained from 
patients. One hundred and sixteen ASA physical 
status I to III patients scheduled to undergo cataract 
operation under local anesthesia with sedation were 
studied. Patients with a history of psychiatric disease 
and those receiving psychoactive medications were 
excluded. 

Mental function was assessed preoperatively, as 
well as 6 hours and 24 hours postoperatively by two 
investigators not involved in the anesthetic care of 
the patients. They were trained to administer the 
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Mini-Mental State test (MMS), as shown in the ap- 
pendix. 

The MMS is a general purpose cognitive screening 
test consisting of 11 items and requiring 5 to 10 min to 
administer. Functions tested include orientation to 
time and place, registration, attention and calcula- 
tion, short-term recall, language ability, and the abil- 
ity to copy a geometric design. The score is a 
weighted sum of the items. The maximum score is 30 
points; a score of 23 points or below is considered 
evidence of cognitive impairment. 

MMS is a valuable and reliable screening test of 
cognitive function, separating patients with cognitive 
disturbance from those without such change (6). It 
concentrates on the cognitive aspect of mental func- 
tion, and excludes questions concerning mood, ab- 
normal mental experience, and the form of thinking. 

MMS scores correlated well with findings from the 
performance intelligence quotient (IQ) of the Wech- 
sler Adult Intelligence Scale (7) and computerized 
tomography of the brain (8). Inter-rater and test- 
retest reliability were high, 0.83 to 0.99, in these 
studies. Anthony] et al. found MMS to have a sensi- 
tivity of 87% and specificity of 82% in their evaluation 
of 97 consecutive medical admissions (9). 

No premedication was given to our patients. The 
cataract operation was performed under local anes- 
thesia with retrobulbar block supplemented by intra- 
venous sedation. Oxygen was given by nasal prongs 
or mask. Increments of fentanyl, diazepam, and 
droperidol were given intravenously by the anesthe- 
tist in amounts necessary to produce a calm, relaxed 
patient, who was comfortable but cooperative, a 
condition mandatory for the delicate surgery in- 
volved. Intramuscular or intravenous anticholinergic 
medication such as atropine or hyosine was not given 
perioperatively. Retrobulbar block was carried out 
with a mixture of 2% lidocaine and 0.5% bupivacaine. 

The data were divided into two groups by age: 60 
years of age or older, and younger than 60. Compar- 
ison within groups between the preoperative, the 
6-hour, and 24-hour postoperative MMS scores was 
done using Student's t-test. Comparison of the pre- 


operative scores between the older and the younger. 


groups was made by analysis of variance (ANOVA), 
and the comparison of postoperative scores in the 
two groups by analysis of covariance (ANCOVA). A 
step-wise regression was performed to determine the 
effect of age, preoperative score, and intravenous 
sedation on the change in postoperative score. P < 
0.05 was considered statistically significant. Data are 
presented as mean (x) + SE. 
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Table 1. Demographic Data 
Age group =60 <60 
(N = 91) (N = 25) 
Gender 37 M:54 F 10 M:15 F 
Age (yrs) 74.6 + 7.9" 47.5 + 10.7 
(60-87) (24-60) 
Weight (kg) 69.9 + 1.8 66.1 + 3.9 
ASA class I H mW IH M 
41 29 21 18 4 3 
Lives alone 37% 20% 
Values are mean + SE. 
*Statistically significantly different, t-test. 
40 
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Figure 1. Age distribution. 
Table 2. Miri-Mental State (MMS) Score 
Age group =60 <60 
Preop MMS 26.0 + 0.5* 29.2 + 0.2 
6-hrs MMS 23.7 #052" 28.2 + 0.4 
24-hrs MMS 26.4 + 0.5" 29.0 + 0.3 


Values are mean + SE. 
“Between group ANOVA 
“Within group t-test 


—statistically significant 
+Between group ANCOVA 


Results 


The demographic data are shown in Table 1 and Fig. 
1. Ninety-one of the 116 patients were 60 years of age 
or older, and 25 were younger than 60. The mean 
ages of the older and younger groups were the only 
statistically significant differences between the two 
age groups. 

Mean preoperative MMS scores were significantly 
lower in the older group than in the younger group 
(26.0 + 0.5 vs 29.2 + 0.2, Table 2). At six hours 
postoperatively, there was a significant decrease in 
MMS scores in both the older and the younger group 
(Table 2). The decrease in MMS score at six hours 
postoperatively was significantly greater in the older 
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* p< 0.01 
**K p< 0.02 
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Figure 2. Percentages of younger (under 60 yrs) and elderly (60 
yrs and over) patients with cognitive impairment preoperatively 
and 6 and 24 hours postoperatively. 


group. At 24 hours postoperatively, MMS scores in 
both groups had returned to their preoperative lev- 
els. 

Using a preoperative MMS score of 23 or less as 
indicative of cognitive impairment, one patient out of 
25 in the younger group became impaired at 6 hours. 
Of the 91 elderly patients, 15 were impaired preoper- 
atively and at 6 hours, 12 were not impaired preoper- 
atively but were impaired at 6 hours, 62 were not 
impaired either preoperatively or postoperatively, 
and 2 were impaired preoperatively but not at 6 
hours. Preoperatively 18.7% of the older group had 
cognitive impairment while none in the younger 
group had any impairment (P < 0.02, Fig. 2). At six 
hours postoperatively, significantly more (29.7%) of 
the elderly group had cognitive impairment com- 
pared with 4% of the younger group out of 25 
patients (Fig. 2). At 24 hours postoperatively, the 
percentage of patients with cognitive impairment had 
returned to preoperative level in both groups (18.7% 
vs 0%, Fig. 2). 

Most patients received intravenous fentanyl (25- 
125 yg) and diazepam (0.5-10 mg). One-third of the 
patients received droperidol (0.5-2.5 mg). There was 
no statistical difference in the amount of fentanyl, 
diazepam, droperidol, and 24-hour postoperative co- 
deine given between the older and the younger 
group (Table 3). 

Pearson’s correlation coefficient revealed no asso- 
ciation between changes in MMS scores at 6 and 24 
hours postoperatively with fentanyl, diazepam, dro- 
peridol, or codeine. Furthermore, when all the drugs 
were considered simultaneously using a step-wise 
regression analysis, no association was found be- 
tween the amount of intravenous drugs and changes 
in MMS score at 6 hours and 24 hours postopera- 
tively. 
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Table 3. Intraoperative and Postoperative Drugs 


Age group =60 <60 
Fentanyl (ug) 62.1 + 3.5 56.6 + 4.9 
l (N = 82) (N = 25) 
Diazepam (mg) 3.2 + 0.7 3.7 + 0.4 
(N = 71) (N = 24) 
Droperidol (mg) 1220.1 1.1 + 0.2 
(N = 32) (N = 11) 
Postoperative 83.5 + 11.3 63.3 + 10.5 
codeine (mg per 24 hr) (N = 23) (N = 9) 


Values are mean + SE. 


35- 


6 Hour MMS Score 





15 20 25 30 


Preoperative MMS Score 


Figure 3. Correlation coefficient between 6-hr MMS score and 
preoperative score was significant (0.7). 


Regression analysis indicated that the older pa- 
tients were significantly more likely to demonstrate a 
lower 6-hour and 24-hour score. A binary variable 
indicating whether the patient had a score above or 
below 23 preoperatively was used to determine if low 
baseline scores were associated with lower 6-hour 
and 24-hour scores. Baseline scores were found to be 
significant predictors of the six-hour (Fig. 3) and 
24-hour scores. The correlation coefficients of the 
6-hour score and the preoperative score (0.7), and for 
the 24-hour and preoperative score (0.68) were statis- 
tically significant. However, the binary variable was 
the more important of the two significant predictors 
as it accounted for approximately 50% of the variance 
explained by the regression analysis whereas age 
accounted for about an additional 3%. 


Discussion 


As shown in Table 3, the amount of intravenous 
sedation used in this study was of low-dosage range. 
We found a decrease in cognitive function in both the 
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younger and the older age groups at six hours post- 
operatively but this had returned to baseline at 24 
hours postoperatively. The elderly group had lower 
preoperative MMS scores and a larger decrement 
than the younger group following sedation. Preoper- 
atively, one-fifth of the elderly had cognitive impair- 
ment, compared with one-third at six hours postop- 
eratively. 

Although in this study no objective measurement 
of differences in outcome with different postoperative 
MMS scores was made, the finding that perioperative 
cognitive impairment exists at six hours postopera- 
tively in patients given neuroleptanalgesia is perti- 
nent and important. Some patients may have diffi- 
culty remembering postoperative instructions if given 
at this time. Advice regarding care of the operative 
eye, medication, and follow-up appointment should 
be given to the patient before the operation, prefera- 
bly in conjunction with written instructions for sub- 
sequent reference. | 

In the elderly outpatient, quality of home care is 
important because 37% of our patients lived alone. 
For the others not living alone, the responsible per- 
son may be someone even older than the patient. 
With the decrease in cognitive function, we need to 
ensure that these outpatients are accompanied home 
with a responsible person. In some cases, home-care 
services may have to be mobilized to ensure proper 
postoperative care. This is especially important for 
elderly patients and for those with a low preoperative 
score. 

Reasons for postoperative confusion in the elderly 
are many and varied. Approximately one-third of 
patients admitted to geriatric departments have con- 
fusional states within the first month of admission 
(10). The incidence of delirium after cataract surgery 
varies from 0.3% to 15.9% (11-13). In the past, 
delirium after cataract surgery was attributed to sen- 
sory deprivation from bilateral eye patching (14). 
Only unilateral patching of the operated eye is done 
now. There is evidence of an association between 
preoperative chronic organic brain syndrome and 
postcataractectomy delirium (15). Anticholinergic eye 
drops, which are always used in combination with 
cataract surgery, may contribute to the development 
of psychiatric reactions. Mydriatric agents have been 
shown to induce delirium at therapeutic doses (16). 
Tricyclic and related antidepressants may also inter- 
act with anesthetic agents to cause postoperative 
confusion (17). 

It was surprising that we found no specific associ- 
ation between changes in MMS scores at 6 and 24 
hours postoperatively with the amount of intrave- 
nous sedation and the type of intravenous sedation 
used, but MMS scores did decrease at six hours 
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postoperatively showing the effect of intravenous 
sedation. 

We did not study a comparable group of patients 
not having surgery and sedation, and thus failed to 
show the temporal variability of the test. Neverthe- 
less, the important point was that 15 patients who 
were impaired preoperatively remained impaired 
postoperatively and 12 patients who were not im- 
paired preoperatively became so, at least temporarily, 
postoperatively. Age and baseline preoperative MMS 
scores were significant predictors of the 6-hour and 
24-hour scores. The patients who were older and had 
preoperative MMS scores less than 23 were more 
likely to demonstrate a lower score at 6 and 24 hours 
postoperatively. Thus MMS may have the potential 
for use as a screening preoperative test in geriatric 
patients to identify those at risk for developing cog- 
nitive impairment. 

Two patiants who were impaired preoperatively 
became less so postoperatively at 6 hours. This may 
be explainec. by a possible learning effect of repeating 
the tests. 

In summary, we have demonstrated that cognitive 
impairment of mental function could occur in pa- 
tients undergoing cataract surgery with retrobulbar 
block and iritravenous sedation at 6 hours postoper- 
atively. This lowered cognitive mental function re- 
turned to baseline at 24 hours postoperatively. Pa- 
tients with low preoperative MMS score were more 
likely to experience greater postoperative mental im- 
pairment than were patients with higher MMS scores 
preoperatively. MMS has the potential for use as a 
screening preoperative test for outpatients to identify 
those at risk for developing cognitive impairment. 


The authors would like to thank Miss C. Drane for her secretarial 
assistance and Mr. A. Ayiomamitis for statistical analysis. 


APPENDIX—“MINI-MENTAL STATE” 


Maximum 
Score Score 
ORIENTATION 
5 ( i What is the (year) (season) (date) (day) 
(month)? 
5 ( > Where are we: (state) (county) (town) (hospital) 
(floor)? 
REGISTRATION 
3 ( 1 Name 3 objects: 1 second to say each. Then ask 


the patient all 3 after you have said them. 
Give 1 point for each correct answer. Then 
repeat them until he learns all 3. Count trials 
and record. 


Trials OoOO 
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ATTENTION AND CALCULATION 


5 ( ) Serial 7’s. 1 point for each correct. Stop after 5 
answers. l 
Alternatively spell “world” backwards. 


RECALL 


3 ( ) Ask for the 3 objects repeated above. Give 1 point 
for each correct. 


LANGUAGE 


9 ( ) Name a pencil, and watch (2 points) 

Repeat the following “No ifs, ands or buts.” (1 
point) 

Follow a 3-stage command: 
"Take a paper in your right hand, fold it in half, 
and put it on the floor” 
(3 points) 

Read and obey the following: 
CLOSE YOUR EYES (1 point) 

Write a sentence (1 point) 


Copy design (1 point) 
30 Total score 
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Dose-Related Prolongation of Hyperbaric Tetracaine Spinal 
Anesthesia by Clonidine in Humans 


F. Bonnet, MD, V. Brun-Buisson, Mp, M. Saada, MD, O. Boico, MD, S. Rostaing, MD, and 


C. Touboul, MD 


BONNET F, BRUN-BUISSON V, SAADA M, BOICO O, 
ROSTAING S, TOUBOUL C. Dose-related prolongation of 
hyperbaric tetracaine spinal anesthesia by clonidine in 
humans. Anesth Analg 1989;68:619-22. . 


The effect of clonidine, an a2 agonist, on sensory and motor 
blockade during spinal anesthesia was studied in 44 ASA 
physical status I II patients scheduled for orthopedic sur- 
gery. The patients were randomly allocated into three 
groups given 15 mg of 0.5% hyperbaric tetracaine (HT), 
within group I (N = 14) 1 ml isotonic saline, in group II 
(N = 15) 0.5 ml saline solution and 0.5 ml clonidine (75 
pg), and in group III (N = 15) 1 ml clonidine (150 jag). 
Sensory blockade (SB) was evaluated by pinprick and motor 


Alpha adrenoreceptor agonists prolong the duration 
of sensory blockade (SB) induced by spinal tetracaine 
(1). This effect is obtained with clonidine, an alpha 2 
adrenergic agonist, when it is administered spinally 
with hyperbaric tetracaine (HT) in laboratory animals 
(2,3). 

A recent report has documented clonidine as a 
useful adjunct to isobaric bupivacaine spinal anesthe- 
sia in humans (4). The dose-response relationship of 
intrathecal clonidine has, however, not been deter- 
mined in patients having spinal anesthesia. Also, 
although previous studies in animals (2,3) and pa- 
tients (4) showed very few hemodynamic effects 
when clonidine was added to local anesthetics for 
spinal anesthesia, clonidine has hypotensive effects 
in humans (5) and a legitimate concern is whether 
spinally injected clonidine might cause hypotension 
in patients. The aim of this study, therefore, was to 
evaluate in humans whether a dose-effect relation- 
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blockade (MB) according to Bromage’s scale. The level of SB 
was comparable in the three groups but the duration was 
different. The 75 pug clonidine was associated with 25% 
prolongation of SB at L2 and 29% prolongation of grade 3 
MB Clonidine 150 ug prolonged the time of SB at L2 by 
72% and grade 3 MB by 96%. Colloid infusion and the 
decrease in diastolic blood pressure were significantly 
greater in the clonidine 150 ug group compared to group I. 
A dose related prolongation of spinal anesthesia is demon- 
strated with clonidine. 


Key Words: ANESTHETIC TECHNIQUES, spinal. 
SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY: clonidine. 


ship exists when clonidine is administered with HT 
and if hemodynamic side effects are possibly related 
to clonidine spinal injection. 


Material and Methods 


Forty-four patients scheduled for orthopedic surgery 
were studied after informed consent and ethics com- 
mittee approval. Patients were allocated randomly to 
three groups. In group I (HT group), 14 patients 
received 3 ml 0.5% tetracaine in a 10% (HT) dextrose 
plus 1 ml isotonic saline solution; in group II (HT C-75 
group) 15 patients received 3 ml HT plus 0.5 ml 
isotonic saline solution and 75 ug clonidine (0.5 ml), 
in group III (HT C-150 group) 15 patients received 3 
ml HT plus 150 ug clonidine (1 ml). In all three 
groups, premedication consisted of 1 mg of oral 
flunitrazepam. Spinal anesthesia was performed in 
sitting position with a 22 gauge needle at the L 2-3 or 
L 3-4 space. Patients were immediately placed in the 
supine position. A colloid solution (Plasmion) was 
infused intravenously over the first 30 minutes (10 
ml/kg) following the spinal injection. The level of SB 
was evaluated by pin-prick. Motor blockade (MB) 
was evaluated using the Bromage’s scale (6): 0 = no 
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Table 1. Clinical Features of the Patients 


Group I Group I] Group IH 
(HT) (HT C-75) (HT C-150) 
Sex (M/W) 9/5 718 6/9 
Age (years) 45.6 + 15.2 40.8 + 21.9 49.6 + 18.2 
Weight (kg) 60.2 + 13.5 65.8 + 16.2 56.9 + 8.3 
Height (cm) 165 + 10 166 + 12 164 + 8 


impairment of movements of legs and feet to 3 = 
complete motor blockade of lower limbs. Measure- 
ments of SB and MB were made very 5 minutes for 30 
minutes, then every 30 minutes until recovery of 
sensory and motor function was complete. Blood 
pressure and heart rate were measured with an 
automatized sphygmomanometer at 2.5-minute in- 
tervals throughout anesthesia and surgery and at 10 
minute intervals in the postoperative period. When 
blood pressure decreased more than 20% of prein- 
duction control value, the rate of infusion of colloid 
was increased. If this did not restore blood pressure 
to a value at least 80% of the control, 3 mg of 
ephedrine were injected i.v. 

Statistical analysis used a 2 way ANOVA, Stu- 
dent’s t test and chi-square with the Yates correction 
when appropriate. Values were expressed as mean + 
sp. P < 0.05 was considered statistically significant. 


Results 


There were no significant differences among the three 
groups in age, weight, or height (Table 1). The level 
of SB was also comparable in the three groups (Table 
2). The duration of SB was significantly prolonged in 
group II (HT C-150) (Fig. 1). Indeed clonidine 150 ug 
increased the time for SB regression to L2 by 72% 
while clonidine 75 ug prolonged SB time for regres- 
sion to L2 by only 29% (Table 2). All patients except 
one in each clonidine group, had grade 3 MB (Fig. 2). 
The duration of MB was also significantly longer in 
group II than in groups I and II (Table 3). Duration of 
grade 3 MB with 150 ug was 96% longer than control 
group and 29% longer with 75 ug clonidine (Table 3). 
Changes in systolic blood pressure were similar in the 
three groups (Table 4), while the decrease in diastolic 
blood pressure, though moderate, was significantly 
greater in group III than in group I but not signifi- 
cantly different from group H. The amount of colloid 
infused was more important in group III (Table 4). 
The incidence of bradycardia was not significantly 
different in the three groups. A lower extremity 
tourniquet was used during surgery in 10 patients in 
each group. Five patients experienced tourniquet 
pain in group I but only two in the two other groups. 


BONNET ET AL. 


Discussion 


This study confirms in humans a dose related pro- 
longation of SB and MB by clonidine during HT 
spinal anesthesia. When the dose of clonidine was 
doubled from 75 to 150 wg the percentage of change 
from control duration of the time for SB regression to 
L2 was almost doubled. Duration of grade 3 MB 
(L5-S1) was three times greater but the percentage 
success rate of grade 3 MB was similar in the three 
groups. Bedder et al. have previously shown in an 
animal study that 150 wg of clonidine is more effective 
in increasing the duration of MB than the duration of 
SB (3). Mensik et al. reported a relationship between 
the clonidine dose and the duration of either SB or 
MB but a plateau was reached at a clonidine dose of 
150 ug with no additional effect for a 300 ug dose (2). 

The decrease in the incidence of tourniquet pain in 
the two groups of patients given clonidine suggests 
that the quality of the SB was also improved, al- 
though the groups of patients were not randomized 
to assess this point. The incidence of tourniquet pain 
observed with hyperbaric tetracaine can be apprecia- 
ble (7) and the addition of clonidine could be an 
attractive means to resolve this problem. 

Several mechanisms could account for the effect of 
spinal clonidine observed in this study. Intrathecal or 
epidural clonidine have for example analgesic prop- 
erties through an opiate independent mechanism (8- 
10). Spinal and supra-spinal sites have been sug- 
gested for clonidine action (11,12). In addition, cloni- 
dine is a vasoconstrictor agent (13,14). Clonidine 
constricts central nervous system arteries in vitro (15) 
and epidural clonidine decreases spinal cord blood 
flow in pigs (16) and rats (17) although this has not 
been documented in sheep (18). By contrast, tetra- 
caine has a local vasodilating effect increasing spinal 
cord blood flow and this effect is antagonized by a 
adrenergic stimulation (19). Therefore, clonidine 
might antagonize the vasodilating effect of tetracaine, 
thereby delaying vascular absorption of tetracaine. 
The fact that clonidine prolongs motor blockade as 
well as sensory blockade might be an indirect argu- 
ment for a delayed absorption of tetracaine. 

Our study documents that clonidine has only 
minor effects on blood pressure during HT spinal 
anesthesia. A previous study also found the absence 
of significant hemodynamic effects when clonidine 
was administered with isobaric bupivacaine (4). Since 
the hemodynamic consequences of the administra- 
tion of hyperbaric solutions during spinal anesthesia 
are said to be more marked than those of isobaric 
solutions, when the extent of sensory blockade is 
greater one might be concerned that clonidine could 
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PROLONGATION OF HYPERBARIC ANESTHESIA 


Table 2. Features of Sensory Spinal Blockade 


Maximum level of sensory blockade 

Extension (segments) 

Time to achieve maximum level of sensory bleckade (min) 
Time for 2 segment regression (min) 

Time for regression of sensory blockade to L2 (min) 


*P < 0.05: Intergroup comparison, significant difference from Group I 
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Figure 1. Number of spinal segments with sensory blockade as a 
function of time (in minutes) in the three groups of patients. HT, 
hyperbaric tetracaine (N = 14). HT C-75, hyperbaric tetracaine plus 
clonidine 75 ug (N = 15). HT C-150, hyperbaric tetracaine plus 
clonidine 150 wg (N = 15). 


g 


2 HT 
æ HI CTS 
+ HT CI5O 


Z OF PATIENTS WITH GS MB 
e268 € 33 8 8 


o 8 


0 100 200 300 400 500 
TIME ( min. ) 


Figure 2. Grade 3 motor blockade as a function of time (in min- 
utes). HT, hyperbaric tetracaine (N = 14). HT C-75, hyperbaric 
tetracaine plus clonidine 75 wg (N = 15). HT C-150, hyperbaric 
tetracaine plus clonidine 150 yg (N = 15). 


be associated with additional lowering in blood pres- 
sure (20). Most animal studies have shown, however, 
that spinal clonidine does not worsen the decrease in 
blood pressure induced by the spinal injection of a 
local anesthetic, and clonidine itself had no important 
hemodynamic consequences when administered spi- 
nally or epidurally (2,3,4,9,16,18). Only with epidural 
doses of clonidine greater than 3 yg/kg is blood 
pressure significantly changed (16,21). A reduction of 
sympathetic outflow is of primary importance for the 
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Group I Group Il Group II 
(HT) (HT C-75) (HT C-150) 
15.7 + 2.5 15.5 + 2.3 17.4 + 2.4 
(T10-T4) (T10-T2) (T10-T2) 
18.2 + 17.5 12.3 + 7.0 26.3 + 2.4 
85.3 + 34.2 105.3 + 65.7 134.3 + 70.1" 
178 + 68 229 + 84 306 + 93* 
Table 3. Features of the Motor Blockade 
Group I Group II Group II 
(HT) (HT C-75) (HT C-150) 
Number of Patients 14/14 13/15 14/15 
with Grade 3 MB 
Time to Onset of 6.4 + 2.3 10.1 + 0.7 5.7 + 2.7 
Grade 3 MB (min) 
Duration of Grade 3 137 + 61 177 + 107 268 + 77**+ 
MB (min) 
Duration of Grade 2 162 + 65 191 + 110 316 + 75**} 
MB (min) l 
Duration of Grade 1 198 + 73 232 + 109 372 + 76+ 
MB (min) 


Grade of motor blockade (MB) using the Bromage scale (6) 
™P < 0.01 Comparison between Group I and Group II 
tP < 0.05 Comparison between Group H and Group IH 


hypotensive effect of clonidine (22). Since spinal 
anesthesia with local anesthetics produces an ex- 
tended sympathetic blockade (23), the addition of 
clonidine cannot further depress sympathetic activity 
that is already totally blocked. Indeed, a peripheral 
vasoconstrictive effect seems to be responsible for 
hypertension when clonidine is injected intrathecally 
or epidurally in doses so great that pharmacologically 
active concentrations of clonidine are achieved in 
peripheral blood (9,16). 

Bradycardia occurred more frequently, although 
not significantly so, in our patients after a 150 pg 
clonidine dose than in the other two groups. Brady- 
cardia associated with clonidine is thought to be 
related both to a reduction in sympathetic activity 
and to an increase in vagal tone mediated by the 
supraspinal action of clonidine (22). After spinal 
administration clonidine might reach supraspinal 
sites either by means of vascular absorption or by 
cephalad migration into the cerebrospinal fluid in the 
brainstem. 

Clonidine appears to be an alternative to epineph- 
rine to prolong the duration of hyperbaric tetracaine 
spinal anesthesia in humans, confirming data re- 
ported with spinal bupivacaine (4,24). The effect of 
clonidine is dose dependent. 
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Table 4. Heart Rate and Blood Pressure 


Maximum Decrease * in SAP (%) 

Maximum Decrease * in DAP (%) 

Number of Patients* with a Decrease in HR = 45/min 
Number of Patients Requiring I.V. Ephedrine 

Colloid infusion ml-kg~?-min™! 


“Below preinduction levels 
"P < 0.05 comparison between Group IH and Group I 
SAP, systolic arterial pressure; DAP, diastolic arterial pressure 
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Intrathecal Somatostatin in Cat and Mouse 
Studies on Pain, Motor Behavior, and His-opathology 


D. M. Gaumann, Mp, T. L. Yaksh, Php, C. Post, pho, G. L. Wilcox, Php, and 


M. Rodriguez, MD 


GAUMANN DM, YAKSH TL, POST C, WILCOX GL, 
RODRIGUEZ M. Intrathecal somatostatin in cat and 
mouse: studies on pain, motor behavior, and 
histopathology. Anesth Analg 1989;68:623~32. 


Effects of intrathecal (i.t.) somatostatin (SST) on nocicep- 
tion, motor function, and spinal cord pathology were 
evaluated in cats and mice. Cats chronically implanted with 
i.t. lumbar catheters received either a single injection of 2 
mg SST i.t. (group I, N = 4), four repetitive injections on 
consecutive days of 2 mg SST i.t. (group I, N = 4) or 
saline i.t. (group III, N = 2). No analgesic effects were 
observed following single or repeated SST injections as 
evaluated by the skin twitch response. However, significant 
impairment of hind leg motor function ranging from un- 
balanced gait to paralysis was observed following the first 
SST i.t. injection. Histological examination of spinal cords 


Analgesic effects of somatostatin (SST), have been 
reported in humans following intrathecal (i.t.) (1) and 
epidural (2) administration. Though several lines of 
investigation suggest that SST may be acting as a 
transmitter (3) or modulator (4) of nociceptive infor- 
mation at the level of the spinal cord, its functional 
role is not well understood, and contradictory effects 
have been reported, including selective depressant 
actions to noxious stimuli (5), as well as general 
excitatory effects (6,7). Moreover, in recent experi- 
ments performed in rats, i.t. administration of SST 
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six days after the first SST injection in group I showed 
multiple pyknotic neurons in all cats. Some cats showed 
focal demyeliration in the posterior column of the spinal 
cord white matter. Mice received a single percutaneous 
injection of 50 ug SST i.t. (group I, N = 7), 5 pg SST i.t. 
(group II, N = 3), or saline i.t., (group II, N = 5). No 
analgesic effects were observed in groups II and III as 
evaluated by zhe hot plate (HP) and tail flick (TF) tests. 
Injection of 59 ug SST i.t. (group I) caused reversible 
flaccid hind wg paralysis in all mice and concomitant 
increases in EP and TF latencies. Histologic examination 
revealed focal demyelination in the spinal cord in three out 
of seven mice in this group. Present data substantiate 
neurotoxic effets of i.t. SST and lack of behaviorally defined 
antinociceptioa at innocuous dosages. 


Key Words: HORMONES, somatostatin. PAIN, 
experimental. SPINAL CORD, neurotoxicity. 


resulted in dose-dependent neurotoxic effects, while 
antinociceptive effects were only observed at (8) or 
slightly below (9) neurotoxic dosages. Although com- 
mon pharmacological mechanisms occur in different 
species, evidenced by the close predictability of phar- 
macological effects of opioids in humans as derived 
from rat experiments (10), it is possible that the rat 
may be especially sensitive to certain endogenous 
peptides (11), and therefore may not be repre- 
sentative fcr the action of i.t. SST in humans. The 
present study was conducted to extend previous rai 
experiments (8) by examining antinociceptive and 
possible neurotoxic effects of intrathecally adminis- 
tered SST in the cat and the mouse. 


Methods 


Experiments in cats and mice were performed afte: 
approval o the respective protocols by the Mayc 
Foundation. Animal Care Committee. 
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Table 1. Summary of Experimental Protocols 


Day 1 Day2 Day3 Day4 Day7 

Group I SST t 
(N = 4) 2 mg 

CATS GroupII SST SST SST SST t 
(N = 4) 2mg 2mg 2mg 2mg 
Group III SAL SAL SAL SAL t 
(N = 2) 
Group I SST t 
(N=7) 50g 

MICE GroupII SST t 
(N=3) Sug 
Group II SAL t 
(N = 5) 


Three groups of cats and mice were injected intrathecally with somato- 
statin (SST) or saline (GAL). tMarks the day animal was killed 


Cat Experiments 


Ten mongrel cats (3.0 + 0.1 kg, mean + sE) were 
prepared under sterile surgical conditions with 
chronic lumbar intrathecal (i.t.) and carotid artery 
catheters under halothane anesthesia. Intrathecal 
lumbar catheters (PE10) were placed three to five 
days prior to the first i.t. drug injection (12). After 
puncture of the atlanto-occipital membrane, catheters 
were advanced 30 cm caudally, to position their tips 
at the lumbar enlargement of the spinal cord. Correct 
placement of i.t. catheters was verified by dye injec- 
tion on removal of spinal cords at the end of the 
experimental observation period. Catheters were ex- 
ternalized on top of the skull and plugged with a 
piece of steel wire. Prior to the surgical procedure, a 
bolus of 300,000 U of penicillin G benzathine and 
penicillin G procaine was administered i.m. and 
repeated every three days, as infection prophylaxis. 
Left carotid artery catheters (4 French) were im- 
planted one day before the first i.t. drug injection for 
the continuous measurement of blood pressure (BP) 
and heart rate (1HR). Catheters were occluded with a 
three-way stopclock, externalized on top of the skull, 
and flushed with heparin (300 U). 


Experimental Protocol 


Cats were divided into three groups, according to the 
protocol of i.t. drug administration, consisting of 
either SST or 0.9% NaCl (Table 1). Cyclic SST-14 was 
a generous gift of Ferring pharmaceuticals (batch No: 
LM 6276). Immediately prior to the experiment, SST 
was prepared for i.t. injection by dilution in 0.9% 
NaCl. A dose of 2 mg SST in 200 wl was always 
administered and cleared from the i.t. catheter by 
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subsequent injection of 100 wl 0.9% NaCl. Control 
cats received a volume of 300 pl 0.9% NaCl i.t. 

In group I (N = 4), a single injection of 2 mg SST 
was administered i.t. on day 1, and cats were killed 
24 hours later. Cats in group II (N = 4) received four 
repetitive injections of 2 mg SST i.t. on day 1 through 
day 4. Cats in group III (N = 2) served as a control 
and received 0.9% NaCl i.t. on 4 consecutive days. 
Cats in groups II and III were killed six days after the 
first injection. | 

Nociception was evaluated by the skin twitch (ST) 
response (12). Both flanks were shaved and exposed 
to a temperature probe (72.5°C, tip surface area: 1 
cm”) for maximally 10 sec (cutoff point). This stimulus 
usually produces an immediate spinally mediated 
local skin twitch response, followed by agitation- 
escape behavior. Skin twitch responses were as- 
sessed bilaterally at baseline, 5, 20, and 60 min after 
i.t. injection, prior to repeated i.t. injections and at 
the end of the experimental period. 

Hind leg motor function was evaluated by obser- 
vation of the cats’ walking ability and rated on a scale 
of 0 to 3: 0 = normal; 1 = mild dysfunction, unbal- 
anced gait; 2 = severe weakness, inability to bear 
weight; 3 = paralysis. Reflex motor function was 
further assessed on a +/— basis by the placing and 
stepping response. In normal cats, stepping is elicited 
by drawing the dorsum of either hind paw across the 
edge of a table, resulting in an upward lifting of the 
paw onto the surface of the table. When the plantar 
surface of the hind paw lightly touches the surface of 
a table, placing is evoked and the paw extends to 
make solid contact with the table. 

Behavioral effects of i.t. drug administration were 
evaluated on a +/— scale. Main effects observed were 
excitation, piloerection, shivering, and hypersensitiv- 
ity to touch. Feeding, micturition, and defecation 
were daily recorded. Body weight was recorded at 
the beginning and at the end of the experimental 
observation period. 

In order to assess potential effects of SST on the 
sympathetic nervous system, BP and HR were con- 
tinuously monitored (Grass model 7 polygraph) in all 
experimental groups during i.t. drug injection. Cate- 
cholamine plasma levels in the carotid artery were 
determined at baseline after the cats were allowed a 
15 min adaptation period to the laboratory setting, 
and 30 min after i.t. drug administration, correspond- 
ing to a 10 min resting period after the previous 
nociceptive and behavioral test. Norepinephrine 
(NE), epinephrine (EPI) and dopamine (DA) levels 
were measured by high performance liquid chroma- 
tography as described elsewhere (13). 
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Mice Experiments 


Male Balb/C mice (20 g, Jackson Laboratory, Bar 
Harbor, Maine) were subjected to a single percutane- 
ous lumbar intrathecal injection (5 yl) (14) of either 50 
ug SST (group I, N = 7), 5 wg SST (group II, N = 3), 
or 0.9% NaCl (group III, N = 5) as indicated in Table 
1. Cyclic SST-14 (Ferring, batch No. LM 6276) was 
dissolved in 0.9% NaCl immediately prior to admin- 
istration. 

Nociception was evaluated by the hot plate (HP) 
and tail flick (TF) response. Hot Plate: The animal! was 
placed in a. plexiglass enclosure on a metal surface 
with a constant temperature of 52.5°C. The response 
latency was recorded as the time the animal required 
to lick one of its hind paws. Cutoff time in the 
absence of a response was 60 sec. 

Tail Flick: The animal’s tail was placed over a 
rectangular slit above an illuminated projector lamp 
(Sylvania 300-watt bulb). The response latency was 
the time required for the mouse to vigorously remove 
its tail off the slit. To prevent tissue damage, the 
cutoff time was six seconds in the absence of a 
response. 

Motor function was assessed by observation. Hind 
leg flaccidity (and thus inability to walk) was assessed 
ona +/-— scale. 

Behavioral effects of i.t. SST, such as scratching, 
licking, and hypersensitivity to touch, were evalu- 
ated on a +/— scale. 


Histology 


Cats and mice were anesthetized with either halo- 
thane (cats) or pentobarbital (mice) and perfused with 
Trump’s fixative (1.5% glutaraldehyde, 4% formalde- 
hyde in 0.1 M phosphate buffer, pH 7.2). As indi- 
cated in Table 1, spinal cords in cats were removed 24 
hours after the i.t. injection in group I, and 6 days 
after the first of 4 consecutive i.t. injections in groups 
I and III. In mice, spinal cords (groups I, IL, and MI) 
were removed six days after the single i.t. injection. 

Several segments of cat spinal cords were removed 
from the cervical, thoracic, lumbar, and sacral cord, 
embedded in paraffin, and cut at 10 wm. In mice and 
in two cats from group II, lumbar cord segments were 
osmicated in 1% osmium tetroxide for 2 hours and 
embedded in JB-4 plastic and cut at 2 um. Paraffin 
sections were stained with Luxol Fast Blue, while 
methacrylate plastic sections were stained with mod- 
ified erichrome stain counterstained with cresyl violet 
to detect demyelination. Sections were evaluated by 
an observer (blinded for different treatment groups), 
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Table 2. Behavioral Effects of i.t. SST in Cats 
Total dose of SST 1.t. 


Response 2 mg 4 mg 6 mg 8 mg 
Day 1 Day 2 Day 3 Day 4 
(N = 8) (N = 4) (N = 4) (N = 4) 
Excitation/ 
Hypersensitivity 3/8 4/4 3/4 3/4 
Shivering/ 
Piloerection 2/8 1/4. 2/4 1/4 


Behavioral response during 20 min following SST i.t. injection evaluated 
on a +/~ basis. Numbers refer to cats showing a positive response versus 
total number of cats examined. 


for signs of neuronal damage, inflammatory response 
or demyelination. 


Data Analwsis 


okin twitch responses in cats were assessed bilater- 
ally prior -o and 5, 20, and 60 minutes following 
single (group I) and repeated (groups II and III) i.t. 
drug injections. Response analysis was performed 
after averazing the skin twitch response from right 
and left sides and calculating the maximum percent 
effect (MPE) according to the following equation: 
MPE = (postdrug response latency — predrug re- 
sponse latency) x (cutoff latency — predrug response 
latency)~* x 100. The maximum values of the MPEs 
during 1 hr after injection and MPEs prior to repeated 
injections (group II) were compared to pre-injection 
values at day 1 (MPE = 0) by paired t-test. 

HP and TF tests in mice were evaluated on day one 
at baseline prior to i.t. injection (saline, SST 5 and 50 
ug) and 3, 10, and 30 min after injection. Results were 
analyzed -by paired t-test after calculation of the 
MPEs. 

Paired t-tests were further employed to analyze 
hemodynamic response and catecholamine plasma 
levels in cats. 

Effects of SST on motor and behavioral function in 
cats and mice were evaluated by Chi-square tests. A 
P value of 0.05 was considered statistically signifi- 
cant. 


Results 
Cat Experiments 


The behav-oral effects of it. SST in cats are summa- 
rized in Teble 2. Single and repeated injections of 2 
mg SST i.t. often evoked an excitatory response with 
vocalization and escape behavior. Some cats immedi- 
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Figure 1. Effects of i.t. somatostatin (SST) on hind leg motor 
function in cats, graded on a motor scale of 0 to 3 (0 = normal, 1 = 
mild dysfunction, 2 = severe dysfunction, 3 = paralysis). Values 
are shown for individual cats (numbered 1 to 8) prior to (pre) and 
after (post) single (day 1, N = 8) or repeated (days 2, 3, 4; 
N = 4) it. injections of 2 mg SST. “Post” values represent the 
highest score observed during a 1 hr period following SST 
injection. “Pre” values on day 2 for cats no. 5, 6, 7, and 8 and on 
- day 7 for cats no. 1, 2, 3, and 4 mark values prior to killing of the 
animals. 


ately developed marked hypersensitivity to touch of 
their hind legs, resulting in aggressive behavior, 
which was most pronounced within the first 20 min 
after injection. Within this same time frame, some 
cats exhibited piloerection and shivering. Shivering 
sometimes extended over the whole body, whereas 
piloerection was limited to hindquarters and flanks. 
The i.t. injection of saline in two control cats evoked 
no behavioral responses. 

Effects of i.t. SST on motor function were limited 
to the hind legs and developed within 5 minutes 
following SST i.t. injection. The degree of hind leg 
motor dysfunction improved or deteriorated in any 
given cat during the following 1-hour observation 
period. Figure 1 presents the worst motor scores 
during a 1-hour observation period following i.t. 
SST injection in individual cats. Thus, with the 
first SST 2 mg i.t. injection on day 1 (groups I and II), 
six out of the eight cats examined developed hind leg 
motor dysfunction (mild: N = 1; severe: N = 2; 
paralysis: N = 3). Paralysis was flaccid in two of 
these cats and spastic in one. Within the follow- 
ing 24 hrs, motor dysfunction improved in most 
of the cats, but only two cats regained normal 
function. One cat (no. 6) with no motor impair- 
ment following i.t. SST, developed signs of re- 
spiratory infection and severe general weakness 
overnight and thus achieved a motor score of 2 on 
day 2. 

Repeated injection of 2 mg SST i.t. (group H) 
generally caused less severe effects on motor function 
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Figure 2. Effects of i.t. somatostatin (SST) on skin twitch response 
in cats (cutoff latency 10 sec). Values are shown for individual cats 
(numbered 1 to 8) prior to (pre) and after (post) single (day 1, N = 
8) or repeated (days 2, 3, 4; N = 4) i.t. injections of 2 mg SST. 
“Post” values represent the highest latency obtained during a 1 hr 
period following SST injection. “Pre” values on day 2 for cats no. 
5, 7, and 8 and on day 7 for cats no. 1, 2, 3, and 4 mark values prior 
to killing of the animals. Cat no. 6 on day 2 was not examined due 
to general weakness. 


than the first injection did. Similar to the effects on 
day 1, there was a tendency to improved motor 
function within 24 hrs following repeated injections. 
No case of permanent paralysis or severe motor 
dysfunction was observed on day 7. After a total 
cumulative dose of 8 mg SST i.t., cats mainly showed 
mild hind leg motor dysfunction (N = 3). Motor 
dysfunction on a +/— scale was significant (Chi- 
square test) on day 1. 

The placing and stepping reflexes were consis- 
tently present in normal cats (motor scale 0) and 
absent in cats with hind leg paralysis (motor scale 3). 
With mild to severe hind leg dysfunction (motor scale 
1 and 2), the reflex responses were variable. 

The two cats injected with i.t. saline (group III) had 
normal hind leg motor function throughout the ob- 
servation period. 

Skin twitch response latencies, indicating nocicep- 
tion, are presented in Figure 2 for individual cats 
following i.t. SST injections. With the first injection 
on day 1, either an increase (N = 4), no change (N = 
2) or a slight decrease (N = 2) in response latencies 
was observed. Within the following 24 hours, re- 
sponse latencies tended to decrease, paralleling the 
trend of improved motor function values. Skin twitch 
responses remained variable with repeated injec- 
tions. Overall no significant antinociceptive effect of | 
SST injections was detected by analysis of MPEs, 
neither with regard to post injection values nor to 
values prior to repeated injections. Control cats 
(group III) showed no change in the skin twitch 
latencies following single and repeated i.t. saline 
injections as evidenced by MPE values between 
+20%. 
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Table 3. Effects of i.t. SST on Sympathetic Response 
in Cats 





MABP HR NE EPI DA 
(mmHg) (bpm) (ng/ml) (ng/ml) (ng/ml) 
Pre Lt. SST 113 193 0.16 0.15 0.08 
+10 +14 +0.08 +0.02 +0.01 
Post i.t- SST 123 189 0.22 0.26* 0.07 
+9 +14 +0.06 +0.04 +0.01 


Mean arterial blood pressure (MABP), heart rate (HR), and carotid artery 
plasma levels of norepinephrine (NE), epinephrine (EPI), and dopamine 
(DA) (mean + se) in 8 cats, prior to (pre) and 30 min after (post) intrathecal 
(i.t.) injection of 2 mg somatostatin (SST). In 3 cats data were pooled from 2 
measurements on day 1 and day 2. 

(*P < 0.05 evaluated by paired t-test). 


BP and HR were measured in all cats during i.t. 
drug injection on day 1, and in three cats, in which 
the carotid artery catheters remained patent, also on 
day 2. Injection of SST i.t. generally evoked an 
immediate increase in BP which was occasionally 
associated with cardiac arrhythmias. A summary of 
the hemodynamic and corresponding catecholamine 
response is shown in Table 3. The excitatory and 
apparently stressful event caused by i.t. SST injection 
is evidenced by a small, though significant, increase 
above pre-injection levels in epinephrine plasma lev- 
els 30 min after injection. The two control cats on day 
one, showed 30 min after i.t. administration of saline, 
the following changes from pre-injection values: 
MABP: +20,-10 mm Hg, HR: —10,—10 bpm, NE: 
=0.78,—0.26 hem, EPI =0.19,-0.08 ng/ml, DA: 
—0.01,+0.23 ng/ml. 

Following SST injections, cats showed normal 
feeding behavior, and body weight remained stable 
throughout the observation period. Two cats (N = 1 
in group I, N = 1 in group II) developed acute urinary 
retention during the first 24 hrs after SST injection. 
The cat in group II subsequently developed an over- 
flow bladder with a rest urine volume of 50 ml as 
determined on day 7 by catheterization. 

Histological examination of spinal cord segments 
showed no pathologic abnormalities in control cats 
(Figure 3A) treated with repetitive injections of 
saline and killed on day 7 (group III) as well as 
in cats treated with a single injection of 2 mg SST i.t. 
and killed on day 2 (group I). However, cats given a 
total dose of 8 mg SST i.t. by repetitive injections and 
killed on day 7 (group II) showed multiple small dark 
pyknotic neurons (N = 4), marked nucleolysis (N = 
1), and inflammatory response (N = 2) in the grey 
matter of the spinal cord below the tip of the catheter 
(Figure 3B). Sections from two cats in this group were 
processed for plastic embedded sections to determine 
if additional abnormalities were noted in the myelin 
sheaths. Both cats showed focal areas of demyelina- 
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tion in the posterior column of the white matter, 
immediately adjacent to the posterior horn (Figure 
3C). The myelin had gross vacuoles which appeared 
to arise from splitting of the myelin sheaths. Most 
axons in this area of vacuolar demyelination were 
preserved. There was a conspicuous absence of in- 
flammatory cells, suggesting the myelin dissolution 
was a direct effect of SST. Most of the neurons 
adjacent to the area of demyelination were preserved 
and looked morphologically normal, while some 
showed signs of degeneration. Present also was a 
perivascular inflammatory response in meningeal 
blood vessels. Pathologic findings were always lim- 
ited to lumbar and sacral segments and did not 
involve dorsal root ganglia. 


Mice Experiments 


Behavioral effects of i.t. SST administration in mice 
are presented in Table 4. Characteristic scratching 
and licking behavior limited to hindquarters and 
flanks were observed in 5 out of 7 mice given 50 pg 
SST i.t. This response occurred mainly within 30 to 60 
sec after injection and was not observed in mice 
treated with saline or 5 wg SST i.t. A period of 
hyperexcitability to touch followed 1 to 3 minutes 
after injection in two mice each, which had received 5 
ug or 50 wg SST. This hyperexcitability was not 
limited to the hindquarters but was present overall as 
evidenced by prolonged rapid movement of pinnae 
to touch. 

Effects of i.t. SST on nociception and motor func- 
tion are summarized in Figure 4. No effects on pain 
behavior or motor function were observed following 
the administration of saline or 5 wg SST i.t. In 
contrast, injection of 50 wg SST i.t. caused rapid onset 
hind leg flaccidity in all mice examined (N = 7). 
Concurrently, significant increases in tail flick and 
hot plate response latencies were observed, which, 
however, were not representative of increased pain 
thresholds due to the motor deficit. Hindleg motor 
function recovered in all mice within 30 minutes 
following injection. With regained motor function, 
tail flick and hot plate response latencies were not 
different from baseline values. Throughout the fol- 
lowing six-day observation period, mice continued to 
exhibit normal behavior. 

Saline-treated mice showed normal morphology 
and no signs of demyelination (Figure 5A), except for 
one animal which exhibited a circumscribed lesion in 
the white matter with inflammatory response, possi- 
bly the result of mechanical damage of this area 
caused by the percutaneous needle injection. Three 
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Figure 3. Luxol Fast Blue stains on paraffin embedded tissue {A 
and B) and erichrome myelin stain on plastic embedded sections 
(C) of cat spinal cord lumbar segments below the tip of the i.t. 
catheter, six days after the first of 4 repetitive injections of i.t. saline 
(A), and after 4 repetitive injections of 2 mg SST i.t. (B and C). 
Normal findings in A, small dark pyknotic neurons in B, aad 
demyelination of the posterior column in the white matter in C. 
Bars mark 0.5 mm on original slide. 
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SOMATOSTATIN IN CAT AND MOUSE 


Table 4. Behavioral Effects of i.t. Somatostatin in Mice 


Saline SST, 5 ug SST, 50 pg 
rn nnn rn 
Scratching/Licking 0/5 0/3 <i 
Hyperexcitability 0/5 2/3 2/7 


Occurrence of hindquarter scratching and licking 30-60 sec following i.t. 
injection and hyperexcitability to touch 60 sec-3 min after i.t. injection, 
evaluated on a +/— basis. 

(* = significant difference between treatment groups analyzed by Chi- 
square test). 


out of 7 mice injected with 50 ug SST i.t. (group I) and 
1 out of 3 mice injected with 5 ug SST i.t. (group II), 
showed focal demyelination in the white matter of 
lumbar cord segments, focal invasion of inflamma- 
tory cells into the white and grey matter (Figure 5B), 
and evidence of neuronal degeneration. In contrast, 
lumbar dorsal root ganglia of mice treated with 50 pg 
SST i.t., appeared normal (Figure 5C). 


Discussion 


The present experiments demonstrate neurotoxic 
effects following i.t. injection of SST in mouse and 
cat, as evidenced by hind leg motor dysfunction and 
spinal cord histopathology. I.t. injection of SST often 
caused an initial excitatory response. Antinociceptive 
effects were absent in cats, and were present in 
mice only during the period of temporary loss of hind 
leg motor function. Thus, observations in cats and 
mice closely correspond to previous experiments in 
rats (8), where i.t. SST injection evoked <.. initial 
excitatory response, subsequent hind leg motor dys- 
function, and variable degrees of recovery. Also in 
rats, increased response latencies to nociceptive tests 
were observed but only at dosages which caused 
general hindlimb dysfunction and permanent neuro- 
nal damage as evidenced by histologic changes in the 
spinal cord. 

Given the differences in the volume of the intra- 
thecal space in various species, it is difficult to pre- 
cisely compare the relative sensitivity to the toxic 
effects of SST. It appears reasonable, however, to 
presume that the principle parameter is the drug 
concentration acutely applied to a significant area of 
the cord surface. In the mouse, rat, ana cat, Lt 
injection volumes of 5 ul (14), 10 pl (15), and 200 pl 
(16) produce distribution of drug from approximately 
mid-thoracic level to the sacral cord. In previous (8) 
and present studies, detectable motor dysfunction 
occurred with i.t. administered SST at concentrations 
of 10ug/pl in mouse, rat, and cat. We thus conclude 
that the three species examined do not qualitatively 
differ with regard to SST toxicity, exhibiting motor 
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Figure 4. Effects of intrathecal (i.t.) saline (—) and somatostatin 
(SST) at 5 wg (— — —) and 50 pg (— ° —) on tail flick and hot 


plate response latencies, expressed as maximum percent effect 
(MPE) (mean + SE), and corresponding motor dysfunction, ex- 
pressed as percent of mice showing hind leg (HL) flaccidity, at 
baseline (B) and 3, 10, and 30 min following i.t. injection (*P < 0.05 
paired t-test). 


impairment and histological indices of neurotoxicity. 
Species differences in the degree of physiological 
responses to i.t. SST might exist. Thus, in the present 
study, unlike in rats (8), SST did not produce cardio- 
vascular collapse in mice and cats. However, valid 
exclusion ef such events would require more exten- 
sive dose-response studies. 

The present data thus contrast in part to experi- 
ments by Vaught and Scott (11), who showed that 
rats appeared sensitive to the paraplegic effects of an 
intrathecally-administered substance P analog, in 
contrast te mice. In those experiments, however, 
histological studies were not performed. 

When SST was administered intrathecally in hu- 
mans, it was devoid of serious side effects (1,2). This 
is not surprising because very low concentrations 
(approximately 0.08 ug/l) were employed in hu- 
mans. This concentration was below the lowest SST 
concentrations (1 ug/l) administered i.t. in mice and 
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rats (8) not causing hind leg motor dysfunction. 
While SST has been reported to be analgesic in man 
(1,2), this peptide was devoid of analgesic effects in 
cats, and in mice and rats (8) at doses other than 
those causing clear behavioral responses and motor 
dysfunction. It might thus be argued that the animal 
models employed were not sufficiently sensitive. 
However, the thermal tests applied (HP, TF, ST) in 
mouse, rat (8), and cat seem especially appropriate as 
SST has been associated with thermal-sensitive C- 
fiber afferents (17). Moreover, SST was also ineffec- 


tive in blocking viscero chemical evoked nociception 
in rats (8). 
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Figure 5. Erichrome myelin stain of plastic embedded mouse 
lumbar cord segments (A and B) and lumbar ganglion (C) 6 days 
after intrathecal (i.t.) injection of saline (A) and 50 ug SST (B and 
C). Intact myelin sheaths and neurons in A, vacuolar degeneration 
of myelin sheaths and invasion of white and grey matter with 
inflammatory cells in B. Lumbar ganglion (C) shows no pathologic 
abnormalities. Bars mark 0.1 mm on Original slide. 


The present experiments cannot explain analgesic 
effects of i.t. SST in subtoxic dosages in humans. 
However, in view of the minimal doses administered, 
placebo effects have to be considered. 


Mechanisms of SST Action 


The effects of intrathecally-administered SST might 
be attributed to direct actions on specific SST-14 
receptors (18), in view of high SST tissue levels in 
dorsal horn segments (19) and association of SST 
immunoreactivity with ventral horn motor neurons 
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(20). However, only minimal amounts of specific 
SST-14 binding receptors have been observed in the 
rat spinal cord (18). Other possibilities of SST action 
include interaction with opioid receptors, where SST 
acts as a partial agonist-antagonist (21). Antagonistic 
functions to endogenous opioids, however, would 
counteract their antinociceptive effects (21,22). On 
the other hand, SST has been reported to inhibit the 
degradation of Leu-enkephalin, and might by this 
mechanism cause antinociception (23). With regard 
to behavioral effects of SST, peripheral sites of 
SST action have also to be considered (24), since 
similar hind limb scratching behavior was observed 
in mice following i.v. as well as intracranial injec- 
tion (25). 

Initial excitatory effects following administration of 
i.t. SST may explain the observed increase in epi- 
nephrine plasma levels in cats corresponding to 
marked sympathetic stimulation in rats (8). The sym- 
pathetic activation may represent a nonspecific stress 
response to i.t. SST as well as a direct effect of SST on 
sympathetic neurons in the intermediolateral cell 
column (26). 

The mechanism by which SST exerts its neurotoxic 
effects is presently unknown, but several pathophys- 
iologic mechanisms may be implied: 1) reduction in 
spinal cord blood flow (27); 2) neuronal membrane 
damage due to irreversible depolarization (28), and 
3) changes in cell metabolism (29). Whatever the 
underlying pathophysiology may be, comparable 
neurotoxicity is observed in a variety of mammalian 
species following i.t. SST administration, indicating 
the need for caution with regard to application in 
humans. 


We would like to thank Ms. Joanne Sandstrom for her help 
preparing the manuscript, and Ms. Sylvia Casey and Ms. Mabel 
Pierce for preparing the histological slides. 
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It has been claimed that tourniquet cycling, cyclic deflation 
and reinflation of the tourniquet at the termination of 
intravenous regional anesthesia (IVRA), enhances the 
safety of IVRA by minimizing the peak blood level of local 
anesthetics. To evaluate the validity of these claims and to 
determine the optimal cycling technic, peak arterial (Cmax) 
plasma concentrations of lidocaine were determined as well 
as the time to reach these peaks (Tmax) utilizing contralat- 
eral radial arterial blood samples in three groups of volun- 
teers after 30 minutes of IVRA: In all three groups IVRA 
was induced with 3 mg/kg of lidocaine and maintained for 
30 min. In the first group the tourniquet was then simply 
deflated once (and not reinflated); in the second group the 


tourniquet was deflated three times with variable periods of 
deflation (0, 10 and 30 seconds) separated by 1-minute 
periods of reinflation; and in the third group the tourniquet 
was again deflated 3 times but with fixed periods of deflation 
(10 sec) separated by 1 min periods of reinflation. The 
results obtained indicate that cycling technics do not appear 
to significantly reduce Cmax, but they do significantly 
prolong Tmax. Of the two cycling technics, the 10-second 
deflation interval technic appeared to be superior, both 
clinically and pharmacologically, as it was associated with 
less venous congestion and therefore less discomfort, and it 
sequentially decreased the arterial plasma concentration of 
lidocaine with each subsequent deflation-reinflation cycle. 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL— intravenous. PHARMACOKINETICS— 
intravenous regional anesthesia. ANESTHETICS, 
LOCAL—lidocaine. 
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Intravenous regional anesthesia (IVRA) is widely 
utilized for minor surgical procedures on the extrem- 
ities, especially the upper extremities, because of its 
safety, simplicity and high rate of success. Nonethe- 
less, systemic toxic reactions and even deaths have 
been reported with IVRA, the majority of which have 
been attributable to a high systemic concentration of 
local anesthetic following deflation of the tourniquet 
(1-3). It was originally suggested by Bier (4) and more 
recently by Holmes (5) that such high blood levels 
might be prevented by cyclic deflation and reinflation 
of the tourniquet at the end of the surgical procedure. 
The present study was carried out in an attempt to 
document 1) whether cyclic deflation and reinflation 
of the tourniquet at the end of the surgical procedure 
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is, in fact, superior to the traditional single deflation 
technic by preventing or decreasing elevated blood 
levels of the local anesthetic; and 2) whether the time 
interval between each deflation and reinflation has a 
significant impact on the resultant levels. 

Most of the studies of the blood levels of local 
anesthetic resulting from intravenous regional anes- 
thesia have reported venous levels of lidocaine drawn 
from the contralateral extremity and have attempted 
to correlate them with the clinical signs of systemic 
toxicity (6-9). Eriksson (10) and Hargrove (11), and 
their associates, on the other hand, reported arterial 
levels suggesting that the arterial levels of a local 
anesthetic would correlate better with systemic toxic- 
ity than the venous levels, since arterial blood con- 
tains the same amount of local anesthetic as the blood 
reaching the brain and the heart. Therefore, in the 
present study the concentration of lidocaine in the 
arterial blood drawn from the contralateral extremity 
was utilized to compare the safety of the different 
technics of tourniquet release. 
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Methods and Materials 


After approval by our Human Research Committee, 
15 healthy, consenting, unpremedicated, adult vol- 
unteers were divided into three groups on the basis 
of the type of tourniquet deflation technic to be 
utilized to terminate [VRA. 

In Group I (non-cyclic deflation) the tourniquet 
was deflated only once and was not reinflated. In 
Group II (cyclic deflation-variable deflation interval) 
the tourniquet was deflated three times in a cyclic 
manner with progressively increasing periods of de- 
flation, 0, 10, and 30 seconds respectively, separated 
by fixed 1-minute periods of reinflation. In Group MI 
(cyclic deflation-fixed deflation interval) the tourni- 
quet was deflated three times in a cyclic manner, but 
with fixed 10 second periods of deflation separated by 
fixed 1-minute periods of reinflation. 

In all three groups, following the application of 
automatic blood pressure and ECG monitors, the 
contralateral radial artery was cannulated. In addi- 
tion, a 20-gauge catheter was placed in the vein on 
the dorsum of the hand of the extremity to be 
anesthetized, and a single-cuff pneumatic tourniquet 
was placed on the middle of the upper arm over 
protective Webril gauze and connected to an ATS 
1000 Tourniquet System (Aspen Labs Inc., Littleton, 
Colorado). The arm was then elevated and drained of 
blood by tightly wrapping the arm with an Esmarch 
bandage from the fingertips to the level of the tour- 
niquet, which was then inflated to a pressure of 250 
mm Hg. After removal of the Esmarch bandage, 3.0 
mg/kg of lidocaine 0.5% (Xylocaine® 0.5% for local 
infiltration and intravenous regional anesthesia) was 
injected over 2 minutes into the intravenous catheter 
on the dorsum of the hand. Upon completion of the 
injection a stopwatch was started: 30 min following 
the injection of the local anesthetic, the tourniquet 
was deflated using one of the three technics under 
study. 

In all three groups of patients arterial blood sam- 
ples were drawn from the radial artery prior to the 
initial deflation of the tourniquet to determine base- 
line levels of lidocaine. Then, following deflation of 
the tourniquet, arterial samples were drawn as fol- 
lows: In Group I the samples were drawn 15, 30, 45 
seconds and 1, 1, 2, 3, 5, 10, 20, and 30 minutes after 
deflation. In Groups I and M, while the various 
deflation and reinflation cycles were carried out, 
samples were drawn hae 15 seconds for the first 4 
minutes, and then 4, 5, 6, 7, 8, 9, and 10 minutes 
after the initial deflation. 

As soon as the samples of arterial blood were 
drawn, they were immediately centrifuged and the 
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Table 1. Patient Characteristics 
Group I Group II Group II 
(n = 5) (n = 5) (n = 5) 
Age (yr) 30.6+3.6 31.0 + 2.6 29.6 + 2.9 
Weight (kg) 71.2 + 9.0 70.8 + 6.6 80.1 + 4.1 
Height (inches) 69.0 + 0.4 68.0 + 4.1 72.0 + 2.0 
Arterial Parameters 
Cmax (ug/ml) 4.7+1.5 430.9 4.0 + 0.6 
Tmax (sec) 54.0 + 25.0 225.0 + 69.0* 300.0 + 37.0 


“Statistically ey longer than Group I P < 0.05. 
Data are mean + 


serum analyzed for lidocaine levels within 48 hours of 
collection, using fluorescence polarization immu- 
noassay (12,13) (TD,R Abbott Laboratories, Diagnos- 
tic Division, Irving, Texas). The intra- and interday 
coefficients of variation for the assay with replicate 
control sample(s) were less than 5%; sensitivity of the 
assay was 0.05 ug/ml. 

The peak lidocaine concentration (Cmax) and the 
time to peak lidocaine concentration (Tmax) were 
determined by inspection of the arterial concentra- 
tion-time curves plotted for each subject. In addition, 
to compare the effect of each of the three cycling 
technics on arterial lidocaine levels, peak lidocaine 
levels were also examined following each deflation in 
each volunteer in Groups H and II. Verbal contact 
was maintained with all subjects throughout the 
study to monitor any and all symptoms that might be 
related to the systemic effects of the lidocaine. 

The data were analyzed using a two way analysis 
of variance, and when indicated, multiple compari- 
sons were made for Groups II and II versus Group I, 
using a distribution-free, multiple comparison test 
based on Friedman rank sums (14). Statistical signif- 
icance was assumed with P < 0.05. 


Results 


The volunteers in the three groups were not statisti- 
cally significantly different with respect to age, 
weight or height (Table 1). In all instances control 
arterial blood samples drawn prior to tourniquet 
deflation had plasma lidocaine concentrations less 
than 0.05 pg/ml, indicating a negligible leakage of 
local anesthetic under the tourniquet or via the circu- 
lation in the humerus. 

Figure 1 displays the mean arterial lidocaine con- 
centrations plotted against time for each tourniquet 
deflation technics. In Group I arterial lidocaine levels 
peaked early after deflation; in Group I they reached 
progressively higher peaks after each deflation; and 
in Group MI, arterial lidocaine levels reached progres- 
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LIDOCAINE CONCENTRATION (ug/ml) 


; 7 i = TIME (eeconda) 


Figure 1. Time course of arterial plasma levels of lidocaine in pg/ 
mi (mean + SEM) resulting from the three technics of tourniquet 
deflation. Maximal arterial lidocaine levels did not differ signifi- 
cantly between the three groups. The arterial samples were drawn 
from the contralateral radial artery. 
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= Group |I-Control 


im Group Il-Variable deflation 


ER Group Ill-Fixed deflation 


Time In seconds 





p < 90.06 


Figure 2. Time (seconds: mean + SEM) to maximum arterial 
concentrations of lidocaine in the three groups. Tmax arterial was 
significantly longer in both Groups II and II than in Group I; there 
was no significant difference between Groups II and II. 


sively lower peaks after each deflation until the final 
deflation, when the final peak level was virtually 
identical to the maximal level achieved in both 
Groups I and Il. There were no statistically significant 
differences between the three groups with respect to 
arterial Cmax (Table 1). 

Figure 2 represents Tmax, the mean time to the 
maximum arterial lidocaine concentration for each 
deflation technic. Tmax was significantly greater in 
both Groups II and III than in Group I, but Groups H 
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and II did not differ significantly from each other 
(Table 1). 

Table 2 and Figure 3 represent Cmax, the peak 
arterial lidocaine levels that followed each deflation of 
the tourniquet in Groups II and II. Because the first 
deflation-reinflation interval was zero in Group I and 
10 seconds in Group MI, significantly higher lidocaine 
levels resulted in Group II. The second deflation- 
reinflation interval was 10 seconds in both groups, so 
the lidocaine levels that resulted from the second 
cycle were almost identical in the two groups. The 
third deflation-reinflation interval was 30 seconds in 
Group II anc. 10 seconds in Group III, so, as might be 
expected, the lidocaine levels that resulted from the 
third cycle were higher in Group U than in Group M, 
but this difference was not significantly different. 
Finally, the last deflation resulted in almost identical 
blood levels in both Groups I and I; and in both 
these groups lidocaine levels peaked 15-45 seconds 
following initiation of each deflation. 

Two volunteers, both in Group I, complained 
briefly of dizziness and ringing in the ears, but these 
symptoms lested less than a minute and were with- 
out sequelae. None of the volunteers in Groups II and 
II reported any symptoms of toxicity. 


Discussior. 

The toxicity of local anesthetic agents depends upon 
the arterial plasma concentration, regardless of the 
route of administration. Venous plasma levels of 
lidocaine following tourniquet deflation after intrave- 
nous regional anesthesia have been extensively stud- 
ied in the past, most of the studies indicating that the 
signs and symptoms of systemic toxicity appear at 
venous levels of 5 ug/ml or greater (6-8). Arterial 
levels of lidocaine following intravenous regional 
anesthesia have not been studied as extensively, and, 
therefore, the correlation between arterial levels and 
the signs and symptoms of toxicity under clinical 
conditions kas not yet been established. Theoreti- 
cally, the arterial plasma level of a local anesthetic 
should correlate better with the clinical signs and 
symptoms ož toxicity than the venous level, since the 
arterial level represents the concentration of the local 
anesthetic agent to which the heart and brain are 
exposed. All four of the previous studies which 
measured arterial levels of lidocaine after IVRA (9 
11,15) measured the levels following a single defla- 
tion of the tcurniquet, and all four studies found that 
the arterial plasma concentrations of lidocaine reach a 
peak of 46 pg/ml 30-60 seconds after tourniquet 
deflation. Cur studies utilizing a single deflation 
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Table 2. A Comparison of Peak Lidocaine Levels Following Each Deflation With the Two Technics of 
Cyclic Deflation/Reinflation 


—_—— rw eee 


Arterial Lidocaine Level in ug/ml 














Group II Group III 
Deflation Cycle Deflation Cycle 
Volunteers : 
(Number) 1 2 3 Final 1 2 3 Final 
ee EEE 
1 1.293 3.16 5.58 4.92 1.35 0.5 0.54 aol 
2 0.5 1.9 1.9 33 3:5 1.8 1.7 3.9 
3 0.43 La 2.61 3.19 4.5 4.0 3:2 4.6 
+ 0.01 1.87 2.93 3.85 a3 1.4 1.0 5:1 
5 1.26 3.28 4.43 4.13 0.5 227 23 4.1 
Mean 0.68 2.28 3.52 3.87 2.59* 2.08 1.79 3.80 
É + 2 + + + + + * 
S.D. 0.54 0.89 1.51 0.69 1.59 1.33 1.06 0.60 


In both Groups II and III the peak lidocaine levels occurred 15-45 sec following each deflation. 


“Level significantly higher than in Group II. 


å Group ll-Variable deflation 
@ Group Ill-Fixed deflation 


Lidocaine concentration (pg/ml) 





1 2 3 Final 
Deflation/reinflation cycle 


Figure 3. Peak arterial plasma levels of lidocaine in ug/ml (mean + 
SEM) with each deflation/reinflation cycle in Groups II and III. In 
Group II the arterial lidocaine level began low and gradually 
increased following each deflation, while in Group III it began 
higher but declined following each deflation until the final defla- 
tion, after which it reached the same peak as Group II. The first 
deflation resulted in a significantly higher arterial lidocaine level in 
Group III than in Group II, but this level was below the toxic range. 


technic (Group I) yielded almost identical results. 
Eriksson et al. (10) also demonstrated that EEG 
changes and symptoms of toxicity appear at arterial 
plasma levels of lidocaine greater than 4 ug/ml. In our 
study the only two volunteers who reported symp- 
toms of toxicity had arterial lidocaine levels of 5.8 g/ 
ml and 4.4 ug/ml and were members of Group | 
where cycling was not utilized. In Groups II and III, 
where tourniquet deflation and reinflation was cy- 
cled, although arterial levels similar to those seen in 
Group I were achieved, none of the volunteers re- 
ported any symptoms suggestive of toxicity. 

Our data comparing arterial levels of lidocaine in 
the three groups indicated that although there were 


no significant differences in the Cmax arterial pro- 
duced by the three technics of tourniquet deflation, 
arterial Tmax was significantly longer in volunteers in 
whom the tourniquet was cycled, regardless of the 
technic of cycling. Both Bromage (6) and Hargrove 
(11) and their associates demonstrated independently 
that the Cmax of a local anesthetic is of less impor- 
tance in terms of the toxicity than the time over which 
this maximum level is achieved and the duration it is 
maintained. If such is the case, then our study 
explains why the only two patients who were symp- 
tomatic were in Group I and suggests that tourniquet 
cycling is the safest technic for terminating intrave- 
nous regional anesthesia. 

Following intravenous regional anesthesia the lo- 
cal anesthetic agent is only released after deflation of 
the tourniquet, so the time interval between deflation 
and reinflation becomes critical, as it limits the 
amount of drug that enters the systemic circulation. 
Both Salo et al. (16) and Merrifield and Carter (17) 
compared venous blood levels drawn from a contra- 
lateral arm vein after single deflation and cyclic 
deflation/reinflation technics. While Salo et al. re- 
ported no significant difference in the venous levels 
resulting from the two technics, Merrifield and Carter 
found that cycling resulted in a significant reduction 
in the venous levels of the local anesthetic. The 
differences in these two reports are undoubtedly due 
to a difference in the cycling technics utilized. 

Thorn-Alquist (15) found that following tourniquet 
deflation the peak arterial plasma levels of lidocaine 
occurred at 15 seconds, and it was this observation 
that led the present investigators to conclude that the 
ideal deflation interval between two reinflations 
should probably be less than 15 seconds. However, 
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while carrying out the present study we found that if 
the interval between deflation and reinflation is too 
short (deflation and immediate reinflation) venous 
congestion results, and this causes significant dis- 
comfort in the extremity that is no longer fully anes- 
thetized. Salo et al. (16) also reported that venous 
congestion occurs if the deflation interval between 
two reinflations was 5 sec or less. However, they also 
indicated that, more important than the discomfort, 
was the fact that while very little drug was released 
during such a short deflation, the congestion it 
caused resulted in a rapid washout of the local 
anesthetic from the arm and produced high levels of 
local anesthetic with the next deflation. We noted 
similar findings: the lowest lidocaine levels resulted 
when the deflation interval was zero (Group II—first 
deflation-reinflation cycle), whereas the highest lev- 
els resulted when the deflation interval was 30 sec- 
onds (Group II—third deflation-reinflation cycle). 
Clearly, the blood level is directly proportional to the 
interval of deflation. Therefore, our data support the 
conclusion of Merrifield and Carter (17) (based on 
venous blood levels) that a deflation interval of 10 sec 
appears to be the best compromise, both clinically 
and pharmacokinetically: the volunteers reported no 
discomfort due to venous congestion with this inter- 
val, and yet progressively decreasing arterial levels 
resulted with each subsequent deflation, except for 
the last (Figs. 1, 3). 

To summarize, the data obtained in the present 
study indicate that while cyclic, intermittent deflation 
and reinflation of the tourniquet following intrave- 
nous regional anesthesia does not reduce Cmax, it 
significantly prolongs Tmax. Furthermore, our data 
indicate that both in terms of arterial levels of the 
local anesthetic and in terms of patient comfort, the 
optimal deflation-reinflation cycle is one that allows 
an interval of 10 sec between each deflation and 
reinflation. Finally, our data support the suggestion 
of Salo et al. that “to achieve an accurate deflation- 
reinflation cycle and to avoid unnecessary manipula- 
tions, an automatic deflation-reinflation mechanism 
should be built into the tourniquet regulators used for 
intravenous regional anesthesia.” 
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Species Variation in the Site and Mechanism of the Neuromuscular 


Effects of Diadonium in Rodents 


Francis F. Foldes, mp, Ijaz A. Chaudhry, pvmM, Tamador Barakat, Mp, 
Carlos A. Flores, ss, Minoru Kinjo, Mp, George B. Bikhazi, MD, 
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The unusually wide, 80-fold species variation observed by 
others (1,2) in the neuromuscular (NM) potency of diado- 
nium, a nondepolarizing muscle relaxant (MR), between 
cat and man suggested that the site and mechanism of its 
NM effect may vary in different species. To obtain informa- 
tion on this question, the NM potency of diadonium and the 
reversibility of its NM effect by neostigmine and/or 4- 
aminopyridine (4AP) was investigated on the in vitro 
phrenic nerve—hemidiaphragm preparations of rats, mice 
and guinea pigs. The concentration of diadonium that 
caused 90% NM block (IC90) was much greater in guinea 
pigs, 1.74 + 0.02 and 1.28 + 0.01 u, when the prepara- 
tions were stimulated with single stimuli at 0.1 Hz or with 
0.1 s trains of 50 Hz tetani every 10 s, respectively, than in 
rats (IC90 = 62.4 + 0.89 and 52.1 + 1.00 uM) or mice 
(IC90 = 51.9 + 0.98 and 44.4 + 0.22 pM). In guinea 
pigs, the NM blocking effect of diadonium could be antag- 


Diadonium [bis-(1-adamantyl-dimethylammonium- 
ethyl)-succinate-ditosylate] (Fig. 1) is a bisquaternary 
ammonium compound containing two ester linkages. 

It has been reported that on i.v. administration 
0.13 to 0.18 mg/kg diadonium causes “head drop” in 
rabbits; its apneic dose was 2.9 to 4.7 mg/kg in mice; 
and 0.25 to 0.35 mg/kg produced complete block of 
NM transmission in anesthetized cats (1). The clinical 
pharmacology of diadonium was investigated by Bu- 
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onized by neostigmine. This indicates that in this species the 
NM blocking effect of diadonium is primarily caused by 
inhibition of the interaction of acetylcholine (ACh), released 
by the nerve impulse, with the cholinergic receptors (choli- 
noceptors) of the postjunctional membrane (p.j.m.). By 
contrast, in rats and mice diadonium was not antagonized 
by neostigmine but was reversed by 4-aminopyridine. This 
suggests that in these species, in contrast to other nonde- 
polarizing MR, diadonium does not inhibit NM transmis- 
sion postsynaptically, but by inhibiting the positive nico- 
tinic feedback mechanism of mobilization of ACh from 
reserve depots to release sites, causes a presynaptic NM 
block. The different sites and mechanisms of the diadonium 
block in guinea pigs on one hand, and in rats and mice on 
the other, are probably caused by differences in the interac- 
tion of diadonium and the ACh recognition sites of the 
cholinoceptors of the p.j.m. in the 3 species. No similar 
species variation could be demonstrated in the sites and 
mechanisms of any of the nondepolarizing MR in clinical 
use. 


Key Words: NEUROMUSCULAR RELAXANTS— 
diadonium. 


natian (2). He found that 10 to 15 mg/kg diadontum 
was required to facilitate tracheal intubation. These 
doses of diadonium caused moderate hypotension 
and mydriasis. The duration of action of diadontum 
was similar to that of succinylcholine (numerical data 
not furnished). The first administration of half the 
initial dose provided relaxation for 10 to 12 minutes. 
The duration of action of subsequent maintenance 
doses became progressively longer. 

Our interest in diadonium was aroused by the 
unusually wide species variation of its NM potency. 
Approximate relative potencies are: rabbit 80, cat 40, 
mouse 4, and human 1 (1,2). It seemed possible that 
this unusually wide species variation in the NM effect 
of diadonium is not only quantitative, but that the 


NEUROMUSCULAR EFFECT OF DIADONIUM 


(CH3) 2N-'(CH2) g— OOC -|CH9),-COO —-'CH4)9-N(CH3) 9 A 2S03C65H4CH3 


M. w. 873.0.8. 


Figure 1. The structural formula of diadonium. 


site and/or mechanism of the NM effects of diado- 
nium may be different in various species. 

Considerable information can be obtained regard- 
ing the site and mechanism of the NM effect of 
compounds by measuring their NM potency at low 
and high frequency stimulation (3) and by observing 
the antagonist effect of cholinesterase inhibitors (anti- 
cholinesterases; anti-ChE) and 4-aminopyridine 
(4AP) on the NM block (4-6). Anti-ChE only antago- 
nize the NM effect of compounds which produce NM 
block by prevention of the interaction of acetylcholine 
(ACh) released by the nerve impulse with the nico- 
tinic receptors (cholinocepters) of the postjunctional 
membrane. Anti-ChE cause little or no antagonism of 
the NM block caused by compounds, such as hexa- 
methonium, which inhibit the mobilization of ACh to 
sites where they are readily available for release by 
the nerve impulse (3) or by others like Mg** (7) or 
neomycin (5) which inhibit the release of ACh. These 
two types of block, however, are antagonized by 4AP 
(5,8) and related compounds. 

The objective of the present study was to investi- 
gate the site(s) and mechanism(s) of the NM blocking 
effect of diadonium in rats, mice, and guinea pigs. 


Methods 


The experiments were carried out on the phrenic 
nerve-hemidiaphragm of 275-350 g male Sprague- 
Dawley rats, 25-30 g Webster mice, and 350-400 g 
Harley guinea pigs. Animals were lightly anesthe- 
tized with ethyl ether and decapitated. The costal end 
of the preparations were fixed to the bottom of an 
organ bath, its tendon was fixed to an FT03 trans- 
ducer, and the phrenic nerve was placed on bipolar 
platinum electrodes immersed in the bath filled with 
a modified Krebs’ solution, containing instead of 2.5 
mM CaCl, and 1.2 mM MgSO,, 1.4 mM CaCl, and 0.9 
mM MgSOQ,. The [Ca**] 1.1 mM and [Mg**] 0.8 mM 
in this solution was the same as that of rat or human 
plasma (9). The bath temperature was kept at 37°C 
and, when aerated with 95% 0,-5% CO,, its pH was 
7.38-7.42. 

In most experiments the preparations were stimu- 
lated (with a Grass Model 88 stimulator) through the 
phrenic nerve with supramaximal, square wave im- 
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pulses of 0.2 ms duration administered either at 0.1 
Hz (“twitch” stimulation) or every 10 seconds with 
0.1 second trains of 50 Hz impulses (‘‘tetanic’’ stim- 
ulation). The optimal resting tension of the hemi- 
diaphragms, 10-12 g in rats and guinea pigs and 
1.5-2.0 g in mice, was determined at the start of each 
experiment. The force of contraction (designated P 
with twitch and P, with tetanic stimulation) was 
quantitated with FT03 transducers and continuously 
recorded on a Grass Model 79D polygraph. The 
concentrations of diadonium, which reduced P or Po 
to 50% (IC50) or 90% (IC90) of control, were deter- 
mined from computer derived, best fit, log dose- 
response regression lines in at least 12 experiments 
for each species. In 4 experiments, within each spe- 
cies, diadonium block greater than 90% was estab- 
lished and the recovery of P and P, was observed 
after washout, and after increasing the [CaCl,] to 2.5 
mM, thereby elevating the [Ca**] to 2.0 mM, or after 
the addition of 0.75 uM neostigmine methylsulfate or 
40 uM 4AP to the bath. In other experiments prepa- 
rations were stimulated for short periods sequentially 
at 0.1, 1.0, 2.0, 3.0, 5.0 and Hz before and after 20% 
diadonium block of P was induced at 0.1 Hz. 

The effect of diadonium on the force of contraction 
of completely curarized and directly stimulated prep- 
arations (supramaximal impulses of 2 ms duration at 
0.1 Hz) was also investigated. 

The hydrolysis rate of diadonium by human red 
cell acetylcholinesterase (AChE; EC 3-1-1-7) and 
plasma butyrylcholinesterase (BuChE; EC 3-1-1-8) 
was investigated by a null-point, potentiometric, ti- 
trimetric method (10) using a pH-Stat (Radiometer, 
Copenhagen). The substrate concentration of diado- 
nium in these determinations varied between 10° M 
and 0.5 x 107? M. The highest concentration was 
selected because it approximates the plasma concen- 
tration expected to be present immediately after the 
i.v. injection of a 15 mg/kg intubating dose of diado- 
nium in human subjects. 

The inhibitory effect of diadonium on the hydrol- 
ysis of 3 x 107? M acetyl-6-methylcholine (MeCh) by 
AChE and that of 2 x 107? M butyrylcholine (BuCh) 
by BuChE were also measured. These substrate con- 
centrations were found to be optimal in earlier stud- 
ies (11). In addition the inhibitory effect of diadonium 
on the hydrolysis of ACh by homogenized rat or 
guinea-pig diaphragm were also determined. 

The results were statistically analyzed with 
ANOVA followed by Tuckey’s test (12), Student’s t- 
test or paired t-test, as appropriate; P < 0.05 was 
considered statistically significant. 
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Table 1. The In Vitro Neuromuscular Potency of Diadonium in Rat, Mouse and Guinea Pig* 


150 (uM) 190 (uM) 
Number of 
Species Stimulation Experiments (Mean + SEM) 
Rat Twitch 22 47.4 + 0.70 62.4 + 0.89 
Tetanus 26 31.4: 0;55 52.1. 26 2.00 
Mouse Twitch 16 38.3 = 1:02 51.9 + 0.98 
Tetanus 12 25-2. = 022 44.4 + 0.22 
Guinea Pig Twitch 16 122-001 1.74 + 0.02 
Tetanus 12 0.98 + 0.01 1.28 + 0.01 


*For statistical significance of data see Results. 


Results 


Diadonium, 100 uM, had no effect on the force of 
contraction of the completely curarized, directly stim- 
ulated preparations. 

Observations summarized in Table 1 indicate that 
with twitch stimulation, diadonium is about 35 and 
30 times more potent in guinea pigs than in rats and 
mice, respectively. During tetanic stimulation it is 40 
and 35 times more potent in the guinea pigs than in 
rats and mice. The potency ratio between mice and 
rats was 1.20 with both types of stimulation. The 
differences in the [C50 and IC90 values between any 
two of the three species were significant. The potency 
of diadonium was significantly greater with tetanic 
than with twitch stimulation in all 3 species. 

After washout, both P and P, rapidly returned 
close to or above control levels in all 3 species (Table 
2). Recovery rate (time for recovery of force of con- 
traction from 25-75% of control) of P was significantly 
more rapid in mice than in rats or guinea pigs and 
faster in rats than in guinea pigs. The recovery rate of 
P, was significantly faster in mice than in rats or 
guinea pigs and similar in rats and guinea pigs. 
Recovery rate of P was also significantly faster than 
that of P, in rats and guinea pigs, but not in mice. 

Increasing the [Ca**] of the bath from 1.1 to 2.0 
mM, resulted in only partial recovery of P. The 
recovery was similar in rats and guinea pigs but 
significantly less in mice. The recovery of P, (only 
investigated in rats) was also significantly less than 
that of P. 

Neostigmine 0.75 uM did not antagonize the 
greater than 90% diadonium block in rats and mice 
but rapidly returned both P and P, to control in 
guinea pigs (Fig. 2 and Table 2). 4AP, 40 uM, re- 
turned P in all 3 species and P, in guinea pig to above 
control values. In rats and mice, however, 4AP only 
partially antagonized P.,. 

In both rats and guinea pigs the steady state 20% 
NM block caused by diadonium or d-tubocurarine 
became progressively greater (P < 0.02) as the stim- 


ANTAGONISM OF THE DIADONIUM BLOCK IN VITRO 


RAT(I50:47.4+0.7) GUINEA PIG(150-1.0t0.001) 


DIA DONIUM (pM) NEOSTIG. 4AP 
1 O75 ym 40um 
b 


DADONIUM ( ht) NEOSTIG 
1.0 13 ' o 








Figure 2. Antagonism of diadonium block by neostigmine or 4AP 
in the phrenic nerve—hemidiaphragm preparations of rats and 
guinea pigs. Note that 4AP antagonized the NM block in both 
species. Neostigmine, however, only reversed the diadonium 
block in guinea pigs. 


ulus frequency increased from 0.1 to 5.0 Hz (Table 3). 
Increasing the stimulation rate caused an increase in 
the intensity of both diadonium and d-Tc block in 
guinea pigs, that was significantly greater than in 
rats, except that at 5 Hz the difference in the intensity 
of the diadonium block in rats and guinea pigs was 
not significant. 

The increase in the intensity of the diadonium 
block caused by increasing stimulation rates could be 
prevented by 4AP in all 3 species (Figs. 3 and 4). 
Neostigmine, however, prevented this effect only in 
guinea pigs (Fig. 4). 

Diadonium was not hydrolyzed by either human 
plasma BuChE or human red cell AChE. The inhibi- 
tory effect of diadonium on various cholinesterases is 
summarized in Table 4. 


Discussion 


The characteristics of the diadonium induced NM 
block in guinea pigs on one hand, and in rats and 
mice on the other hand, were found to be dissimilar. 
In guinea pigs the diadonium block, similar to the d- 
Tc block (13), could be antagonized by neostigmine. 
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Table 2. Antagonism of the Greater Than 90% Diadonium Block by Washout, Increasing [Ca**], 
Neostigmine or 4-Aminopyridine* 


After Washout After CaCl, After 4-Aminopyridine After Neostigmine 


Maximal Maximal Maximal 
Recovery Recovery Recovery Recovery Recovery Recovery Recovery Maximal 
Species Stimulation Rate (min) (%) Rate (min) (%) Rate (min) (%) Rate (min) Recovery (%) 
Rat Twitch 155+ 0.32 106.1 > 1.4 =f 56.7242 1.96+0.23 168.0 + 4.20 
Tetanus 4.67 + 0.26 99.7 = 1,9 — 21.8 ae — 56.6 + 3.07 In rat and mouse no 
Mouse Twitch 0.26 + 0.02 104.7 £ 1.4 — 23.0 +2.1 1.1+0.10 121.7 +2.8 recovery after neostigmine. 
Tetanus 0.50 + 0.18 124.1 + 2.5 Not investigated — Sla 1.1 
Guinea pig Twitch 2.71+0.14 110.8 + 2.08 — 48.2223 1720.10 21422410 1520.79 1001 + 3.89 
Tetanus 4.62 +0.22 103.9 + 2.27 Not investigated 9.6+1.37 104.942.64 1.2+0.11 109.8 + 2.51 


I oor orm 


*For statistical significance of data see Results. 
+All values are means + SEM of 4 experiments. 
{Broken lines indicate that since maximal recovery was <75%, recovery rate could not be determined. 


Table 3. The Influence of Stimulation Rate on the Intensity of the Steady State Diadonium or D-Tubocurarine Block in 
Rats and Guinea Pigs* 


Neuromuscular Block (%) With Stimulation Rates (Hz) of 


Muscle ee Anh a TE ie RAR eS SSR EIA Re EET 

Species Relaxant 0.1 1.0 2.0 3.0 5.0 
Rat Diadonium 211) 2 aot 23.2 2 15 40:5 = 2:2 61.1 + 2.4 77T E22 
d-Tc 2714 = 1.0 31.4 + 1.6 445 = 1,7 495+ 1.6 70.0:= 1.1 
Guinea pig Diadonium 20:5: £0.5 43.2 + 4.3 61.7 + 2.1 TLS 16 79.4 + 1.4 
d-Tc 20.0 = 0.7 40.0 + 2.7 60.0 = 2.3 68.7 = 2.3 76.2 + 2.4 





“For statistical significance of data see Results. 
+All data are means + SEM of 4 experiments. 
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Figure 3. The influence of neostigmine and 4-aminopyridine 
(4AP) on the greater than 90% diadonium block and on the 
increase of the intensity of the partial diadonium block caused by 
increasing stimulation rates in the phrenic nerve—hemidiaphragm 
preparation of rats. Note that neostigmine did not reverse the 
diadonium block and did not prevent the deepening of the NM 
block caused by increasing stimulation rates. 4AP antagonized the 
diadonium block and prevented the effect of increasing stimulation 
rates on the intensity of the block. 


In this species neostigmine also antagonized the 
greater than 90% diadonium block and prevented 
progression of the intensity of the NM block caused 
by increasing stimulation rates (Fig. 4). The charac- 
teristics of the diadonium block in rats and mice, in 
this study, were found to be different from those of a 
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Figure 4. The influence of neostigmine and 4-aminopyridine 
(4AP) on the greater than 90% diadonium block and on the 
increase of the intensity of the partial diadonium block caused by 
increasing stimulation rates in the phrenic nerve—hemidiaphragm 
preparation of guinea pigs. Note that both neostigmine and 4AP 
antagonized the diadonium block and prevented the effect of 
increasing stimulation rates on the intensity of the block. 


typical nondepolarization block. Increasing stimula- 
tion rates increased the intensity of the NM block 
indicating that diadonium has a presynaptic inhibi- 
tory effect. However, neostigmine did not antagonize 
either the 20% or the greater than 90% diadonium 
block and did not prevent the effect of increasing 
stimulation rates on the intensity of the NM block 
(Fig. 3). The NM effects of diadonium and the influ- 
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Table 4. The Inhibitory Effect of Diadonium on Cholinesterases 


Substrate 
Concentration 
Source of Enzyme Substrate (M) IC50+ (M) IC90+ 
Human plasma BuCh* 2% 107+ 1:2 %.10"* Lix 107° 
Human red cell MeCh txis Cr i i a 2.4 x 1074 
Rat diaphragm ACh 3x 10™ 5.0 x 10-° 2.8 x 1074 
Guinea pig diaphragm ACh 3 x 10% 5.6% 107° 7.6 x 10-4 


“BuCh is a specific substrate of BuChE. It is not hydrolyzed by AChE. MeCh is a specific substrate of AChE. It is not hydrolyzed by BuChE. ACh is 
hydrolyzed by both BuChE and AChE. Human red cell contains only AChE and human plasma only BuChE. Mammalian muscle contains mostly AChE and 


a small amount of BuChE (29). 


tHIC50 and IC90 are the inhibitor concentrations which inhibit the hydrolysis by 50 or 90% (to 50% or 10% of the uninhibited rate). All values are means 


of 3 experiments. 


ence of stimulation rate on the intensity of the block, 
however, could be antagonized by 4AP. 

The inability of neostigmine to antagonize the NM 
effect of diadonium in rats or mice indicates that it is 
unlikely that the block is caused by competitive 
inhibition of the interaction of ACh released by the 
nerve impulse with the cholinoceptors of the p.j.m. 

Theoretically it is conceivable that neostigmine 
may not antagonize the diadonium block because the 
concentration of diadonium that causes profound 
NM block completely inhibits rat muscle AChE. This 
mechanism has been suggested for the explanation of 
the inability of neostigmine to antagonize the benzo- 
quinonium induced NM block in humans (14,15). In 
rats, however, the NM IC90 of diadonium (6.2 x 10° 
M) only causes about a 50% inhibition of rat muscle 
AChE. Consequently, if the “cholinesterase inhibi- 
tion theory” were valid, 0.75 x 10°°M neostigmine, 
the concentration that completely inhibits rat muscle 
AChE, should cause at least partial antagonism of the 
diadonium block. An added argument against this 
hypothesis is that, although the inhibitory effect of 
diadonium on rat and guinea pig muscle AChE are 
very similar (Table 4), in guinea pigs the NM effects of 
diadonium were antagonized by neostigmine. 

Other possible mechanisms of the diadonium- 
induced NM block in rats include inhibition of: a) the 
synthesis of ACh by cholineacetyltransferase (EC 
2:3-1-6) (16); b) the uptake of choline into the motor 
nerve terminal (17); c) loading of the synaptic vesci- 
cles with ACh (18,19); d) mobilization of ACh from 
reserve sites to release sites (3); e) inhibition of release 
of ACh (20); and f) by obstruction of the ionophores 
of the p.j.m. (21). Of these possibilities a), b), and c) 
can be excluded since the NM block caused by these 
mechanisms is extremely slow in onset and cannot be 
antagonized by 4AP (unpublished observations 
1988). In contrast, the diadonium induced NM block 
has a rapid onset of action (Fig. 3) and it can be 
antagonized by 4AP (Fig. 2). The possibility of f) may 
be eliminated because the NM block caused by block- 
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Figure 5. The effect of increasing stimulation rates on the force of 
contraction (P) of the phrenic nerve—hemidiaphragm preparation 
of rat. Note that in the control preparation and in the presence of 
20% block caused by Mg**, that inhibits evoked release of ACh, 
increasing stimulation rates do not diminish P. In contrast in the 
presence of 20% block by d-Tc, that inhibits mobilization of 
vesicular ACh, increasing stimulation rates, decrease P. 


age of the ionophores (e.g., with 5xIC90 of d-Tc) 
cannot be reversed by 4AP (unpublished observa- 
tions 1988), whereas the diadonium block can be 
rapidly reversed by 4AP (Fig. 2). Of the remaining 
two possibilities, namely inhibition of mobilization (c) 
or release (d) of ACh, the latter can be excluded for 
the reason that, as with diadonium, increasing the 
rate of stimulation increases the intensity of the 
partial NM block caused by compounds that inhibit 
mobilization of ACh (Fig. 3-5) (22). In contrast, the 
intensity of the partial NM block caused by com- 
pounds such as Mg’ * which inhibit release of ACh is 
not augmented by increasing stimulation rates (Fig. 
5). Therefore, it may be concluded that in rats diado- 
nium blocks NM transmission presynaptically, by 
inhibiting mobilization of ACh from reserve stores to 
release sites. 

Similar species variation was observed in the NM 
potency and reversibility of diadonium in anesthe- 
tized cats and monkeys (Agoston S, Department of 
Anesthesiology, University of Groningen Medical 
School, personal communication). In cats the NM 
potency of diadonium is relatively high (ED90 = 0.35 
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mg/kg) and its NM effect can be reversed by neostig- 
mine. In monkeys the NM potency of diadonium is 
low (ED90 = 5 mg/kg) and its NM effect cannot be 
antagonized by neostigmine, but can be reversed by 
4AP. 

The question may be raised why, despite the 
different primary mechanism of the NM effect of 
diadonium in rats and mice on one hand, and in 
guinea pigs on the other hand, in the presence of 20% 
NM block increasing stimulation rates have similar 
effect on the intensity of the diadonium block. The 
answer to this question is that in guinea pigs, diado- 
nium, like d-Tc, blocks NM transmission both pre- (3) 
and postsynaptically. In the presence of 20% nonde- 
polarization block more than 75% of the cholinocep- 
tors are occupied by the MR molecules (23) and only 
25% or less of the cholinoceptors of the p.j.m. are free 
to interact with ACh released by the nerve impulse. 
Under these conditions even a moderate decrease of 
the mobilization rate of ACh to release sites will 
significantly reduce the statistical probability of inter- 
action between ACh and cholinoceptors. Since mobi- 
lization of vesicular ACh is time dependent (22), with 
increasing stimulation rates, the time available for the 
mobilization of ACh between stimuli decreases, and 
the amount of ACh released by each nerve impulse is 
also diminished. Consequently, the probability of in- 
teraction between the decreased amount of ACh and 
the reduced number of free cholinoceptors is also 
diminished, and thereby the intensity of the NM block 
increases. In contrast, in rats and mice, in the presence 
of NM blocking doses of diadonium, all the cholino- 
ceptors are free to interact with ACh, and in all 
probability, the cause of the diadonium block is the 
inhibition of mobilization of ACh. These circum- 
stances also explain the antagonist effect of neostig- 
mine on the progressive intensity of the NM block 
caused by increasing stimulation rates in some (e.g., 
guinea pig) but not in other (e.g., rat, mouse) species. 
In those species where the NM effect of diadonium is 
primarily postsynaptic, and the mobilization of ACh is 
decreased only moderately, inhibition of the hydroly- 
sis of ACh by neostigmine will allow the competitive 
displacement of the diadonium molecules from the 
cholinoceptors, and allow re-establishment of NM 
transmission. In those species where the diadonium 
block is caused primarily by inhibition of the mobili- 
zation of ACh, neostigmine is ineffective. 

The observation that the potency of diadonium is 
greater and the NM block is more difficult to antag- 
onize when the preparations are stimulated by short 
trains of 50 Hz tetani, instead of single impulses at 0.1 
Hz, is not unexpected. Similar observations have 
been made earlier with other nondepolarizing MR 
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and aminoglycosides (23). The explanation of this 
finding is that the number of pre- and postsynaptic 
receptors occupied in the presence of the same con- 
centration of a NM blocking agent is independent 
from the stimulation rate. With increasing stimula- 
tion rates, however, the time available for the mobi- 
lization of vesicular ACh is diminished and therefore 
the amount of ACh available for release by a nerve 
impulse is decreased. Because of this the statistical 
probability of interaction between ACh and the free, 
unoccupied cholinoceptors is much less at fast than at 
slow stimulation rates. This decreases the depolariza- 
tion of the p.j.m. and the voltage of the endplate and 
action potential, and ultimately the force of contrac- 
tion of the muscle. 

In conclusion, the findings presented indicate the 
site and mechanism of the NM blocking effect of 
diadonium is postsynaptic in guinea pigs and presyn- 
aptic in rats and mice. These differences are probably 
caused by variation in the affinity of diadonium for 
ACh recognition sites of the cholinergic receptors of 
the p.j.m. in these 3 species. In guinea pigs where it is 
high, low concentrations of diadonium cause post- 
junctional NM block. In rats and mice where it is low, 
high concentrations of diadonium interact with nico- 
tinic receptors of the motor nerve terminal, inhibit 
mobilization of vesicular ACh to its release sites, and 
thereby cause presynaptic block of NM transmission. 

It has been recognized for a long time that there is 
considerable, quantitative species variation in the 
NM blocking effect MR (25,26). Furthermore, the 
relative NM potency of the same MR may change in 
the opposite direction in different species (25). Thus, 
for example, pancuronium or vecuronium are about 5 
times more potent than d-Tc in humans (26), but 
about 5 times less potent than d-Tc in rats (28). No 
differences have been demonstrated, however, in the 
site(s) and mechanism(s) of any nondepolarizing MR. 
Search through literature indicates that diadonium is 
the first bisquaternary NM blocking agent shown to 
inhibit NM transmission entirely presynaptically in 
some (e.g., guinea pig, cat, rabbit) and mostly post- 
synaptically in other mammalian species (e.g., rat, 
mouse, monkey, human). 

The findings presented reinforce the concept that 
information obtained from pharmacological experi- 
ments with MR on subhuman mammalian species 
may have limited relevance not only to the potency, 
but also to the site(s) and mechanism(s) of any NM 
blocking agent. It is therefore necessary to investigate 
the NM effect and reversibility of any new MR, by 
accepted pharmacological techniques, in human sub- 
jects before their introduction into clinical practice. 
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Hospitalization arouses anxiety among patients admitted 
for day bed surgery. The effect of the anesthetists routine 
preoperative interview on the anxiety levels of 63 unpre- 
medicated women scheduled for elective outpatient thera- 
peutic abortions was examined using the State-Trait Anx- 
iety Inventory. The anesthetist’s preoperative interviews 
were performed at the following times: Group 1, in the 
outpatient clinic one week before surgery; group 2, in the 
day bed unit at the time of admission to hospital; group J 
outside the operating room immediately prior to surgery. 


State anxiety was measured before and after patients were 
seen by the anesthetists. In group 1, and in groups 1 and 2, 
it was readministered outside the operating room immedi- 
ately before surgery. Baseline anxiety Trait and State scores 
were not significantly different in the 3 groups (Trait: group 
1, 43.3 + 2.2; group 2, 36.9 + 2.3; group 3, 38.8 + 2.2. 
State: group 1, 50.6 + 3.5; group 2, 43.0 + 2.4; group 3, 
49.0 + 3.0). Only in group 3 did the anesthetist’s inter- 
view significantly reduce patient's anxiety (before visit 
49.1 + 3.0; after visit 46.0 + 2.8; P < 0.05). A small but 
statistically significant reduction in State anxiety scores is 
achieved when patients are seen by the anesthetist immedi- 
ately prior to surgery. 


Key Words: ANESTHESIA—outpatient. 
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Hospital admission can be anxiety-provoking (1). 
Excessive preoperative anxiety is not only unpleasant 
for patients but may also be associated with detri- 
mental physiologic responses including hyperten- 
sion, tachycardia, and arrhythmia that may persist 
into the postoperative period (2,3). Previous studies 
on surgical inpatients have demonstrated that anxiety 
rises at least one week before hospital admission and 
returns to normal levels in the postoperative period 
only after the patient is assured of an uneventful 
recovery (4-6). 

Traditionally, anesthetists have used preoperative 
anesthetic visits and preoperative medication to allay 
anxiety. Egbert and co-workers showed that the 
anesthetist’s visit was more effective than pentobar- 
bital premedication in alleviation of preoperative anx- 
iety (7). 

Outpatient surgery poses unique challenges. The 
administration of preoperative anxiolytic medication, 
for example, is often avoided because of possible 
adverse effects in the postoperative period (8). The 
purpose of this study was to determine the level of 
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anxiety in patients scheduled for outpatient surgery 
and the appropriate timing of the anesthetist’s inter- 
view with the patient. We chose to evaluate the 
effectiveness of the anesthetist’s preoperative visit 
undertaken in the outpatient clinic one week before 
surgery, in the ambulatory care unit (A.C.U.) the day 
of the surgery, or immediately prior to surgery. 


Methods 


The study was approved by the Human Subjects 
Review Committee at the University of Toronto and 
informed consent was obtained from 63 healthy fe- 
male patients. All patients were of ASA physical 
status I or II and scheduled for therapeutic abortions 
in the first trimester of pregnancy. Patients were 
excluded if they had a history of psychiatric illness, 
were receiving psychotropic or anxiolytic medication, 
or were unable to perform the tests because of diffi- 
culty in understanding English. 

Before the anesthetist’s preoperative interview, a 
research assistant interviewed patients to obtain de- 
mographic data on age, previous hospitalization and 
surgery, marital status, children, and drug usage. 
The assistant then administered the State-Trait Anx- 
iety Inventory and Visual Analogue Scale according 
to the protocol described below. 
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Table 1. Demographic Data” 


Group 1t 
(n = 20) 
Age (yrs, mean + SE) 25.6 + 1.4 
Yes No 
Number of women with 10 10 
living children 
Previous hospitalizations 4 16 
Previous surgery 17 3 


*No significant difference among the three groups. 
tAnesthetist’s Preoperative Interview in Clinic. 
tAnesthetist’s Preoperative Interview in Day Bed Unit. 
§Anesthetist’s Preoperative Interview outside O.R. 


The State-Trait Anxiety Inventory provides quan- 
tification of anxiety and prevents the problems en- 
gendered when anxiety is graded by an observer 
(9,10). It consists of two separate self-reporting scales 
that measure state and trait anxiety respectively. Each 
scale is comprised of 20 statements. The respondents 
must indicate to what degree each statement is appli- 
cable to themselves. The Anxiety-State scale inquires 
about the subject’s level of anxiety at the time the test 
is administered, whereas the Anxiety-Trait scale re- 
quires respondents to describe how they generally 
feel. Previous studies have shown that Anxiety-State 
scale scores are sensitive to changes in situational 
stress and that Anxiety-Trait scores reflect relatively 
stable individual differences in anxiety proneness 
(11,12). 

The anxiety Visual Analogue Scale consists of a 10 
cm line. The left end of the line indicates “no anxiety” 
and the right end “maximum anxiety.” The patients 
were asked to mark this line to indicate the level of 
their anxiety. The anxiety Visual Analogue Scale is 
sensitive to changes in mood and has been shown to 
correlate highly with results of standardized clinical 
interviews (13). 

The anesthetic preoperative visit was standardized 
and performed by one of two staff anesthetists. It 
included a brief preoperative history, physical exam- 
ination of pulmonary and cardiovascular systems, 
and evaluation of the upper airway. At the end of the 
visit patients were given the opportunity to voice any 
specific concerns or ask any further questions. 

Patients were randomly divided into 3 groups 
according to the timing of the anesthetist’s visit. In 
group 1 (N = 20), the anesthetist’s visit was per- 
formed in the outpatient clinic one week before 
surgery. In group 2 (N = 23), the anesthetist saw the 
patients in the ambulatory care unit (A.C.U.) one 
hour before surgery, while in group 3 (N = 20), the 
anesthetist’s visit occurred outside the operating 
room immediately before surgery. In all 3 groups, 
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Group 2ł Group 3§ 

(n = 23) (n = 20) 

23.8 + 1.0 25.0 + 1.9 
Yes No Yes No 
8 15 6 14 
12 11 6 14 
17 6 16 4 


Anxiety Trait and Anxiety State tests as well as Visual 
Analogue tests were administered before the anes- 
thetist’s interview. The Anxiety-State and Visual An- 
alogue Scales were then re-evaluated following the 
interview. In addition, in group 1, the Anxiety-State 
Scale and Visual Analogue Scale were performed one 
week later on admission to the ambulatory care unit, 
and in groups 1 and 2 the same tests were readmin- 
istered in the patient holding area outside the oper- 
ating room immediately before surgery. 

Within each group, comparisons were performed 
using a two-tailed Student’s t-test. Between groups, 
comparisons were done by analysis of variance. Re- 
sults of the Visual Analogue Scale were compared 
with those of the Anxiety-State Scale by means of a 
correlation coefficient. Statistical significance was as- 
sumed at the P < 0.05 level. 


Results 


The results of the demographic data are summarized 
in Table 1. The three groups (group 1, N = 20; group 
2, N = 23; group 3, N = 20) showed no statistically 
significant differences in age, previous hospitaliza- 
tion, antecedent surgery, or number of patients with 
children. 

There was no significant difference between the 
three groups in Anxiety-Trait scores, a measurement 
of baseline anxiety proneness prior to the anesthe- 
tist’s interview (group 1, 43.3 = 2.2; group 2, 36.9 + 
2.3; group 3, 38.8 + 2.2). There also was no signifi- 
cant difference in the baseline Anxiety-State score, a 
measurement of anxiety level before the anesthetist’s - 
interview (group 1, 50.6 + 3.5; group 2, 43.0 + 2.4; 
group 3, 49.0 + 3.0). 

The group Anxiety-State scores at each testing 
period are shown in Figure 1. There was no reduction 
in anxiety after the anesthetist’s visit in group 1, 
where the anesthetist’s interview was held a week 
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Figure 1. Anxiety-State scores in the three patient groups showing 
locations of assessment and effect of anesthetist’s visit, 
(Mean +t sem). + = Anesthetist’s Preoperative Interview in Clinic 
++ = Anesthetist’s Preoperative Interview in Day Bed Unit 
+++ = Anesthetist’s Preoperative Interview outside O.R. 
‘Significant reduction in the State Anxety Score in group 3 
patients; pre vs. post interview score (P < 0.05). 


beforehand in the outpatient clinic, or in group 2, 
where the interview was held in the ambulatory care 
unit. Only in group 3 did the anesthetist’s preopera- 
tive interview, immediately before surgery, signifi- 
cantly reduce patients’ anxiety (before visit, 49.1 + 
3.0; after visit, 46.0 + 2.8; P < 0.05, paired f-test). 

However, there was no significant difference in the 
overall change in anxiety level among the three 
groups from the time the first State Anxiety scale was 
applied in each group to the time it was applied 
immediately outside the operating room. There was 
no significant difference in the level of anxiety imme- 
diately before surgery among the three groups (group 
1, 52.4 + 3.0; group 2, 47.7 + 2.1; group 3, 46.95 + 
2.8). 

The anxiety score measured by Visual Analogue 
Scale was significantly correlated with the Anxiety- 
State scores (R = 0.68). 


Discussion 
It is difficult to compare the results of our study with 
previous studies of perioperative anxiety because of 
variations in the methods used to measure anxiety 
and differences in the populations studied. Egbert 
and co-workers studied anxiety in inpatients, both 
male and female, prior to elective surgery (7). They 
concluded that the anesthetic visit was more effective 
than pentobarbital in reducing anxiety. In their study 
no objective measurement of anxiety was made. 
Leigh and co-workers (14) used State-Trait Anxiety 
Inventory to quantify the effect of the anesthetic visit 


1989;68:645-8 


on anxiety amongst inpatients. They found a statisti- 
cally significant reduction in Anxiety-State scores 
when their patients were seen preoperatively by the 
anesthetist. In their study, mean pre-visit scores were 
46.5 + 7.5, whereas scores after the interview were 
reduced to 42.8 + 4.3. The latter scores are compati- 
ble with low to normal stress levels. 

Our patients had high Anxiety-State scores one 
week prior to the proposed outpatient surgery. Anx- 
iety-State scores were also elevated when measured 
the morning of the proposed surgery on admission to 
the hospital with the patient immediately outside the 
operating room. These elevated Anxiety-State scores 
are similar to results obtained in other preoperative 
inpatient populations (5,6,14). 

In addition, we showed the anesthetist’s preoper- 
ative interview immediately before surgery to be 
effective in reducing anxiety. Anxiety scores before 
and after the interviews were not significantly dif- 
ferent in the group of patients seen by the anesthetist 
in the outpatient clinic or in the ambulatory care unit. 
Only in the group seen by the anesthetist immedi- 
ately outside the operating room was there a signifi- 
cant reduction in anxiety scores. Even in this group, 
however, scores after the interview were still in the 
range associated with stress. Our results are contrary 
to Leigh and co-workers who found that the anesthe- 
tist’s preoperative visit was able to abolish anxiety 
(14). 

Several factors may explain the discrepancy be- 
tween the findings of Leigh et al. (14) and our results. 
First, the pcpulations studied are not comparable. 
Leigh et al. study included both males and females 
whose ages ranged from 20 to 60 years, whereas our 
study was confined to young females. Secondly, 
Leigh and co-workers did not specify the surgical 
procedures undertaken; our study was restricted to 
outpatient uzerine suction dilatation and curettage. 
Many patien-s in our study felt ambivalent about the 
surgery. Some patients underwent surgery without 
the knowlecge and support of family members. 
When patier:ts were seen in the outpatient clinic, 
they were still not assured of acceptance for thera- 
peutic abortion by a review committee. These factors 
might have accounted for the increased level of 
anxiety at that time. 

Not all anxiety may be attributable to anesthesia. 
Norris and Baird studied 500 patients preoperatively 
to determine the incidence and etiology of patient 
anxiety. Sixty per cent of their patients were found to 
be anxious, but only 7% felt that their anxiety was 
related to anesthesia (15). Other researchers have 
suggested that the anesthetist’s preoperative visit 
does not predictably alleviate anxiety. Collins and 


ANESTH ANALG 
1989,/68:645-8 


Moore (16) were unable to demonstrate any differ- 
ence in anesthetic requirements during diagnostic 
dilatation and curettage between a group prepared 
with a preanesthetic interview and a control group 
that received no visit. Williams et al. (17) demon- 
strated a paradoxical increase in anxiety in relatively 
non-anxious patients seen pre-operatively by the 
anesthetist. 

It appears that the cause of patient anxiety is 
multifactorial, and that it may change over time. 
Anesthesia-related fears may increase as the opera- 
tion draws nearer. This may explain the greater 
impact of the anesthetist’s interview in alleviating 
anxiety immediately before surgery shown in this 
study. 

In conclusion, we found a high level of anxiety in 
patients scheduled for suction dilatation and curet- 
tage. The anesthetic visit in an outpatient clinic or 
ambulatory care unit was ineffective in reducing 
anxiety levels. There was, however, a statistically 
significant reduction in anxiety in patients seen out- 
side the operating room immediately prior to sur- 
gery. The optimal time of the preoperative anesthetic 
visit to reduce the anxiety of patients awaiting a 
therapeutic abortion is just before surgery, but even 
at this time, the level of anxiety in these patients may 
still be high. Thus, we should reassure our patients 
immediately before surgery. 


The authors would like to thank Miss Christine Drane for her 
secretarial assistance and Dr. Paul Lokoff for his assistance in data 
collection. 
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Informed Consent 


Starting with the basic exposition that “... every 
human being of adult years and sound mind has a 
right to determine what shall be done with his own 
body ...” (1), interpretation of the concept of in- 
formed consent has undergone many metamorpho- 
ses (2), and continues to generate lively discussion in 
both the legal and philosophical worlds (3-5). The 
concept of informed consent is not only open to 
differing interpretations, but also generates confusion 
about its legal implications (6,7). 

Both legal and moral perspectives ought to be 
considered when thinking of informed consent. The 
former emphasizes financial compensation for unfor- 
tunate medical outcomes, while the latter concen- 
trates on the autonomous choices of patients and 
research subjects. Thus, the legal approach focuses 
on the physician and his or her duty toward the 
patient, while the moral approach focuses on the 
patient and his or her right to personal autonomy. 

Of how much importance is informed consent, 
and should anesthesiologists concern themselves 
with it at all? In terms of the frequency with which it 
is invoked as a cause of action in medical malpractice 
litigation, informed consent need not be of major 
concern. A Health, Education, and Welfare Agency 
medical malpractice commission found that as of 1971 
there had been only 90 American appellate decisions 
in which consent was a major issue (8). Another study 
undertaken by the National Association of Insurance 
Commissioners reported that, in a survey of claims 
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resolved over a 12-month period in 1975-76, in- 
formed consent was raised as an issue in only 3% of 
the cases (9). Moreover, even when the issue is raised 
in litigation, in no reported cases have damages been 
awarded to a plaintiff solely for dignitary harm in the 
absence of accompanying injury (9). 

While informed consent is not of major significance 
in medical malpractice litigation, as a concept embod- 
ying patient rights it is perceived by many as a 
distillation of some of the more important ethical 
values in the health-care setting. In the late 1970's, 
President Carter commissioned a study on ethical 
problems in medicine and related research. The Com- 
mission held the issue of decision making so impor- 
tant that it devoted three books to its examination (10). 

The philosophical foundations of the informed con- 
sent doctrine will now be briefly examined, followed 
by a history and analysis of its jurisprudential aspects. 


Philosophical Foundations 


Any relationship between physician and patient must 
include an understanding as to how medical- 
treatment decisions will be made. Some observers 
feel that physicians have assumed an Aesculapian 
authority over their patients (5). A feeling of power- 
lessness in the face of disease and intimidation by 
modern medical technology have led many patients 
to accept this view of their physician, thus perpetu- 
ating an authoritarian and essentially unequal rela- 
tionship in the decision-making process. 

From a philosophical perspective, informed consent 
doctrine emphasizes equalization of the physician/ 
patient relationship and decision-making rights. Re- 
spect for patient autonomy forms the basis of modern 
informed consent doctrine, while the concepts of be- 
neficence and justice complete the moral triad. 


Autonomy 


The term “autonomy” is derived from the Greek 
“autos” meaning self, and “nomos” meaning rule of 
law. These two words were combined to refer to 
political self-governance in the ancient city-state. In 
modern philosophical terms, the term autonomy has 
come to refer to self-governance through adequate 
understanding. 

It is insufficient merely to allow the patient final say 
in deciding a treatment alternative, without first pro- 
viding him or her with the relevant medical informa- 
tion. This information must include the risks, benefits, 
and alternatives to the proposed treatment. Allowing 
the patient final say in the decision without providing 
sufficient information would be an example of consent 
without the “informed” part of the formula. 

Providing the patient with all the information but 
then denying him or her the right to make a decision, 
would vitiate the other end of the equation, thereby 
also vitiating the patient’s autonomy. 

The concept of autonomy therefore embraces the 
right both to receive information and the right to act 
on it by giving or withholding consent. The amount 
and nature of information to be provided to the 
patient are controversial and depend, inter alia, on 
what information is available, the nature and impor- 
tance of that information, and certain patient varia- 
bles. This will be discussed in the legal section. 


Beneficence 


The welfare of the patient is the goal of health care. 
Historically this goal has been expressed by the maxim 
“primum non nocere”, “in the first place, do no 
harm.” However, recent scholarship has shown that 
the more precise formulation of this primary moral 
injunction is “help, or at least do no harm” (11). This 
formulation envisions the obligation of physicians to 
provide a benefit to patients, not merely to avoid 
harm. 

How are medical professionals to provide benefit to 
patients within the decision-making process? Clearly, 
benefit accrues by providing the patient with sufficient 
information with which to arrive at an informed deci- 
sion, and subsequently by allowing that patient to 
make decisions relating to his or her own health care. 
The concept of beneficence embraces the process of 
consent, not the actual decision reached by the pa- 
tient. Providing the patient with both the opportunity 
and the information to exercise his or her right to 
self-determination, fulfills the benefit (beneficence) 
part of the equation. Benefit is derived, in philosoph- 
ical terms, regardless of the reasonableness or other- 
wise of the decision reached by the patient. Affording 


the patient the opportunity to make decisions is deter- 
minative, not the actual decision reached. 


Justice 


Simply stated, justice is served when people or groups 
of people are treated equally under essentially similar 
circumstances. As a philosophical concept, justice has 
broad implications in politics, civil rights, and criminal 
justice. While of some importance doctrinally in the 
consent area, it is not of major significance, and is 
mentioned here for the sake of completeness only. 


Legal Foundations 


Traditionally, many cultures, including our own, have 
invested healers a unique deference and authority in 
their relationships with their patients. Yet, this author- 
ity is not without limits (12). Within the Anglo- 
American legal tradition, it has long been recognized 
that physicians must obtain consent from their 
patients prior to initiating treatment. The earliest 
reported case dealing with consent to medical 
treatment is generally acknowledged to be the 18th- 
century English case of Slater versus Baker and Staple- 
ton (13), in which the plaintiff hired Drs. Slater and 
Baker to remove the bandages from a partially healed 
leg fracture. Instead, the defendants refractured the 
leg and placed it in an experimental apparatus to 
stretch and straighten it during the rehealing. The 
court, in ruling for the plaintiff, stated: “... and 
indeed it is reasonable that a patient should be told 
what is about to be done to him, that he may take 
courage and put himself in such a situation as to 
enable him to undergo the operation” (14). 

While the earlier cases generally dealt with lack 
of any consent at all, the twentieth century has 
spawned the concept of informed consent, thus ex- 
panding, and in some cases complicating, the legal 
situation doctrinally. 

As a starting point it would be useful to review the 
issue of consent alone first and then discuss informed 
consent. 


Consent 


Lack of any consent generally gives rise to an action 
in battery, defined as a tort (civil wrong) resulting 
from intentional and unpermitted contact with the 
plaintifs (patient) person (15). In order to be liable 
for battery the defendant (physician) must have done 
some positive and affirmative act, and the act must 
cause, and must be intended to cause, an unpermit- 
ted contact (15). It is not essential that the plaintiff be 
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conscious of the contact at the time it occurs; personal 
integrity is protected, even if the patient is asleep or 
anesthetized (16,17). It matters not whether the in- 
tent of the defendant is evil or benign, whether the 
contact is meant in jest, or even whether the contact 
results in injury or damage to the plaintiff. 

Common parlance frequently combines the term 
assault with battery (as in assault and battery), but, in 
fact, assault has a separate and distinct meaning 
within legal semantics, viz “a threatening approach 
the puts a person in fear of a battery” (18). It would 
thus constitute a battery to anesthetize a patient or 
insert invasive monitoring lines without permission. 
Any act which violates a patient’s personal integrity 
through physical contact must be consented to. Ab- 
sence of this consent constitutes a battery. 

Consent may be signaled in several ways. It may 
be expressed, either in writing or verbally. Verbal 
consent is legally and ethically just as valid as writ- 
ten, except that proof (evidence) of verbal consent 
may be difficult after the fact. Consent may also be 
implied, as when a patient acts affirmatively in such a 
way as to infer that he or she agrees (consents) to the 
impending procedure (holding out an arm for place- 
ment of an intravenous line; not moving while a 
nerve block is being performed). 

The only exception to the above rule (obtaining 
consent) would be an emergency situation where the 
patient is incapable of signaling consent or otherwise, 
and prompt action is needed to save life. 


Informed Consent 


The above section dealt with situations in which no 
consent at all is obtained. There are few problems 
doctrinally with the concept of battery. Just the 
opposite is true, however, with informed consent. 
The term “informed” deals with explanation of the 
proposed procedure or anesthetic or intervention 
beyond the mere performance of the procedure or 
anesthetic itself. In very general terms, “informed” 
refers to explanation of the risks, benefits, and alter- 
natives of the proposed procedure or anesthetic. 
While seemingly simple, the phrase “risks, benefits, 
and alternatives’ has spawned vigorous debate re- 
garding the depth and extent of these disclosures. 

In 1918, the court spoke of a doctor’s duty to warn 
a patient of the possible adverse consequences of 
using a remedy (19). This was one of the first exam- 
ples of consent requirement going beyond mere de- 
scription of the proposed intervention. 

In the latter part of this century, the nature and 
quality of information provided to the patient as- 
sumed importance judicially. The phrase “informed 
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consent” was first articulated in a 1957 decision, 
Salgo versus Leland Stanford, Jr., University Board of 
Trustees (20). In this case, the plaintiff suffered per- 
manent paralysis as the result of a translumbar aor- 
tography, and sued his physicians both for negli- 
gence in their performance and in failing to warn him 
of the risk of paralysis. The court found that physi- 
cians had the duty to disclose “any facts which are 
necessary to form the basis of an intelligent consent 
by the patient to the proposed treatment” (21). 

Thus, since 1957 there exists an added element in 
the consent doctrine. Lack of any consent at all can 
provide the basis for a suit in battery. Inadequate 
explanation, as part of the consent process, of the 
risks, benefits and alternatives to the proposed pro- 
cedure or treatment will now lay the practitioner 
liable to an action based on negligence. The term 
negligence relates to the negligent omission of full 
disclosure. 

The issue today is thus reduced to the amount and 
quality of disclosure, a difficult task indeed. A brief 
look at the judicial history of quality and quantity of 
information to be disclosed to the patient might 
clarify the issue, although it must be emphasized that 
there exist no simple formulae to help in the decision. 
Central to the question of quantity and quality of 
information provided the patient is the issue of 
standards, and by whom they should be set. Should 
it be the patient, who, with brilliant hindsight would 
exclaim in court that he or she would never have 
undergone the procedure had he known of the risks; 
or the physician who might be more guided by 
paternalism or economic self-interest in underdisclos- 
ing risks and thus encouraging the patient to undergo 
the proposed procedure? 


The Professional Standard Rule 


Initially, the courts relied on the judgment of the 
physician in defining disclosure standards. A 1960 
landmark Kansas case states well the philosophy 
linking the disclosure obligation to the standard prac- 
tice of responsible physicians in same or similar 
situations: “The duty of the physician to disclose. . . 
is limited to those disclosures which a reasonable 
practitioner would make under same or similar cir- 
cumstances. How the physician may best discharge 
his obligation to the patient . . . involves primarily a 
question of medical judgment. [t]he physician's 
choice of plausible courses should not be called into 
question if it appears ... that the physician was 
motivated only by the patients best therapeutic inter- 
ests s= (22), 

The policy underlying the rule was consistent with 
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the high esteem in which physicians were generally 
held and, perhaps more important to judicial deci- 
sions, was consistent with the way other medical 
malpractice decisions are made, namely through de- 
fining standards of care extant in the medical frater- 


nity. 


The Lay Standard Rule 


The above standard of disclosure, the professional 
standard, did not last forever. A new rule on mea- 
surement of standards of disclosure emerged in 1972 
with the case of Canterbury versus Spence (23). The 
plaintiff in this case underwent a cervical laminec- 
tomy, following which he became quadriplegic. In 
suing his surgeon, he did not allege negligence in the 
performance of the operation itself, but rather 
claimed that he was negligently misinformed about 
the risk of serious neurologic sequelae following that 
kind of surgery. In holding for the plaintiff the court 
ignored the prevailing standard of disclosure (name- 
ly, that neurosurgeons generally did not apprise their 
patients of that particular risk as it was of low 
incidence) and fashioned a new rule, based on pa- 
tient needs. The court went on to hold that the 
physician is required to disclose information to pa- 
tients unless, in the judgement of the physician, due 
care required some degree of non-disclosure under 
the circumstances (the so-called therapeutic privi- 
lege). The extent of disclosure otherwise required 
was to be measured exclusively by a “. . . reasonable 
standard of what is material to the patient’s decision 
rather than a professional standard based on custom- 
ary practice” (23). 

This new rule focused on the so-called “new 
consumerism” in health care, an extension of the 
patient's right to self-determination, where the pa- 
tient is viewed as consumer of health care, the 
physician as provider. 

While intuitively appealing, the above helps us 
little in defining what is either “reasonable” or “ma- 
terial.” What might seem reasonable or material to 
the patient at trial could obviously be the product of 
self-interested hindsight, thus exposing every con- 
sent process to potential later litigation. This problem 
was recognized by the Canterbury court, which went 
on to say that requiring physicians to divulge all risks 
would “summon the physician to second-guess the 
patient, whose ideas on materiality could hardly be 
known to the physician.” Instead, “on the basis of his 
medical training and experience the physician can 
sense how the average, reasonable patient expectedly 
would react” (25). 

Waltz and Scheuneman defined material risk as 
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follows: “A risk is material when a reasonable per- 
son, in what the physician knows or should know to 
be the patient’s position, would be likely to attach 
significance to the risk in deciding whether or not to 
forgo the proposed therapy” (26). Under the new 
theory, the patient must prove that disclosure of the 
risk would have caused the patient to forgo the 
therapy, and thus the non-disclosure of the risk 
“caused” the injury that resulted when the risk 
materialized. 

In summary, the Canterbury court reaffirmed in 
1972 that self-determination is the sole justification 
and goal of informed consent, and that the patient's 
needs for information rather than the physician’s 
practices must form the basis of any adequate stan- 
dard of disclosure. 

But while the Canterbury decision appeared to 
signal a bold and significant change in emphasis in 
consent law, the professional practice standard was 
not completely displaced in American informed con- 
sent law (26). 

A number of state legislatures have incorporated 
the professional custom standard in legislation, usu- 
ally at the urging of state and local medical societies 
(9), so that today, while the patient-based materiality 
standard of Canterbury carries some weight, it prob- 
ably represents a minority position legally. 


Informed Consent Status Today 


Decision making in the health-care setting has under- 
gone considerable change this century. Early case law 
focused solely on lack of consent, while the past 
thirty years have witnessed the development of stan- 
dards of disclosure extending beyond mere descrip- 
tion of the proposed intervention. There is little 
disagreement today that physicians owe a duty to 
their patients to disclose the proposed procedure and 
the risks, benefits, and alternatives appurtenant 
thereto. 

How far the disclosures muse extend remains 
controversial, both in an ethical and a legal sense. 
Which of the disclosure standards will emerge as the 
dominant legal doctrine, and how terms such as 
materiality and reasonableness are defined will surely 
provide grist for legal and ethical debate in the future, 
as in the past. 

In the field of anesthesiology, a field fraught with 
risk, time should be spent with the patient prior to 
surgery. Risks and alternative anesthetic modalities 
should be openly discussed. Undoubtedly, deciding 
which risks to disclose is a difficult issue. Variables in 
patient age, concurrent illness, and the nature of the 
proposed surgery make it impossible to provide 
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“cookbook” recommendations. It would not be un- 
reasonable to mention all material risks, i.e., those 
risks which the average, “reasonable” patient would 
regard as significant. One court has defined “ma- 
terial” in the following way: “Materiality is, in es- 
sence, the product of risk and its chance of occurring” 
(27). Thus risk of a minor injury (such as a minor 
abrasion on the lip from intubation) with a high 
probability of occurrence probably need not be men- 
tioned, whereas a more serious injury (such as death 
in an ASA physical status 4 patient), while less 
common, would be worthy of mention by virtue of its 
gravity. 

A question frequently asked is whether the risk of 
death should routinely be mentioned. As indicated 
above, in most patients this particular risk would not 
be thought of as material. While of an extremely 
serious nature, the probability of death in otherwise 
healthy patients undergoing routine surgery is re- 
mote, thus tipping the severity-frequency product 
out of the bounds of materiality. 

As mentioned in the introduction, issues of in- 
formed consent standing alone rarely arise in medical 
malpractice litigation. There are two significant rea- 
sons for this. First, most patients become plaintiffs 
only when they suffer injury, and most of the time 
these injuries are the result of negligence. Regular 
medical negligence is easier to prove than failure to 
obtain consent, and plaintiffs will usually assert neg- 
ligence, rather than pursue the more tenuous legal 
doctrine of lack of informed consent. Second, for lack 
of consent to be actionable, the patient has to prove 
not only that he or she would have forgone the 
anesthetic or procedure but also that the risk in fact 
materialized. A charge of non-disclosure alone, with- 
out injury, gives rise to a so-called dignitary tort, for 
which the courts rarely, if ever, provide compensa- 
tion. 


Summary 


Of paramount importance is the respect for auton- 
omy and right to self-determination inherent in an 
ethically sound decision-making process. The Presi- 
dent’s Commission clearly summarized the prevail- 
ing view of informed consent when it stated: “ethi- 
cally valid consent is a process of shared decision 
making based on mutual respect and participation, 
not a ritual to be equated with reciting the content of 
a form that details the risks of a particular treatment 
or intervention” (9). 
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Regional Anesthesia in Children 
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The practice of pediatric regional anesthesia is several 
milleniums old. An Egyptian low relief of Saqqarah, 
carved about 2500 BC, shows a scene of circumcision 
(Fig. 1) in which an object (perhaps the famous 
“Stone of Memphis”) appears to be employed for 
inducing anesthesia of the penis before the operation. 
The later occidental civilizations turned away from 
these traditional analgesic practices until the end of 
the nineteenth and the beginning of the twentieth 
centuries (1-6). During a brief period, spinal, then 
supraclavicular and caudal blocks gained enthusiastic 
but transient acceptance. However, these techniques 
fell progressively into disuse and were almost lost by 
the end of the first half of the twentieth century. 
The reasons for such disinterest were numerous. 
Some pertained to the considerable improvements in 
general anesthesia, both technically, due to the wide- 
spread acceptance and use of tracheal intubation and 
mechanical ventilation, and pharmacologically, due 
to the availability of safer agents (especially halo- 
thane). In contrast, regional anesthetic agents and 
techniques remained almost unchanged, and little 
information was available on the pharmacology of 
local anesthetics in children. Compared to general 
anesthesia, regional anesthesia was time-consuming, 
less reliable and potentially hazardous (with risks of 
legal complications), variable in duration and not 
flexible (lightening or deepening the level of anesthe- 
sia is impossible). Pediatric regional anesthesia re- 
quired special skills and specially designed re-usable 
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pediatric devices, the sterilization of which was often 
difficult. Furthermore, most surgeons preferred that 
patients be immobilized and unconscious. 

In the early 1970s however, papers on pediatric 
regional ures began to appear in the medical 
literature (7-10). Since then, growing attention has 
been paid to regional techniques, especially with 
increased acceptance of the concept that general and 
regional anesthesia could be complementary. Safer 
local agents are now available and the pharmacolog- 
ical effects of most local anesthetics are now well 
documented, even in neonates. Several technical 
difficulties have also been overcome not only with the 
more general application of nerve stimulators for 
precise localization of peripheral nerves but also the 
availability of regional anesthesia equipment specifi- 
cally designed for use in children. The almost com- 
plete absence of hemodynamic effects of regional 
(including spinal and epidural) anesthesia in infants 
and young children, together with realization that 
anesthesiology includes treatment of all forms of pain 
in all patients have led to renewed interest in pediat- 
ric regional anesthesia. 


General Considerations 
Specificity of the Pediatric Period 


Developmental and anatomical state. Embryological pro- 
cesses are incomplete at birth. Myelinization of nerve 
fibers begins during the fetal period in cervical spinal 
segments, and extends caudad (11-13). Ventral roots 
are myelinized prior to dorsal roots, and the myeli- 
nation process of nerve trunks, especially in the 
lower extremities, is not achieved until the end of the 
second year of life. Since the myelin sheath is a lipid 
layer, the degree of myelination of nerve fibers influ- 
ences considerably the pharmacodynamic effects of 
local anesthetics (which are, of course, lipid soluble) 
(14). 
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Figure 1. “Penile block” prior to circumcision in Ancient Egypt 
(Saqqarah, approximately 2500 B. C.). 


Other important events of the fetal period are the 
unequal rates of growth of the spinal cord, the dura 
mater and the spinal canal that cause the end of the 
spinal cord and the dural sac to lie at progressively 
higher levels, and the orientation of the last spinal 
roots to be modified (15,16). At birth, the dural sac 
ends at $3-$4 levels; the adult level (S2) at which the 
dura ends is not reached before the second year of 
life. 

Ossification of vertebrae is still in progress at birth 
and remains so throughout childhood. The two 
halves of the vertebral arches join together posteri- 
orly during the first year of life, while their junction 
with the vertebral body is ossified between the third 
and sixth year of life. The transverse and spinous 
processes, and the upper and lower surfaces of 
vertebral bodies remain cartilaginous until puberty. 
The ossification of the sacrum is only achieved after 
the 25th year. Thus, the sacrum, cartilaginous in 
children, may be easily traversed by sharp needles 
during inappropriate block procedures. In addition, 
the dorsal aspect of the sacrum is almost flat in young 
patients and the sacral hiatus, which is identified by 
easily palpable sacral cornua, is large. Its location is 
facilitated by the sharp angle formed by the major 
axes of the sacrum and the coccyx. 
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Perineurovascular sheaths are loosely attached to 
underlying structures in children, thus allowing con- 
siderable spread of anesthetic solutions along nerve 
trunks (Fig. 2A). However, the lower limit of the 
interscalene space, at the level of the coracoid process 
(17,18), cannot be changed or increased by injecting a 
large volume of anesthetic solution even if a tourni- 
quet is placed at the proximal part of the limb and 
inflated before injection (Fig. 2B). Therefore, axillary 
approaches cannot result in block of nerves emerging 
from the brachial plexus above the coracoid process 
(such as, usally, the musculocutaneous, medial bra- 
chial cutaneous and axillary nerves) unless the tip of 
the needle traverses this lower limit of the inter- 
scalene space. However, in this case, the same dan- 
gers as following peri-subclavian artery approaches 
must be expected. 

The different sheaths surrounding nerve fibers 
within nerve trunks differ substantially in their po- 
tential for ecting as barriers to the spread of local 
anesthetic solutions. As in adults, the epineurium is 
usually considered the main obstacle to intraneural 
diffusion whereas the perineurium does not play a 
significant role. The structure of the endoneurium 
varies widely with the age of the patient and the type 
of nerve: it is loose and represents little barrier to 
drug diffusion in young patients, but becomes pro- 
gressively enriched in connective fibers in older pa- 
tients with a resulting in increase in time of onset of 
effect but with prolongation of its duration. 

The epidural space is multicompartmented poste- 
riorly in children as in adults (19) by a median 
epidural band, usually termed the plica mediana 
dorsalis, which is even thicker in children than in 
adults (Fig. 3), and this may account for unilateral 
blockade ard/or difficulty in introducing a catheter 
through an epidural needle. The epidural fat is very 
fluid in infants and becomes more dense (and thus, 
less permeable to local anesthetics) in children over 
7-8 years of age (20,21). As in adults, epidural pres- 
sure is subatmospheric. However, since the subcuta- 
neous tissues and vertebral ligaments are less densely 
packed in infants and young children, the loss of 
resistance felt as the needle crosses the ligamentum 
flavum is less marked than in adults. 

The subarachnoid space in children is similar to 
that of adults. The spinal fluid pressure is lower than 
in adults and varies widely with the position of the 
patient. In children weighing less than 15 kg, the 
overall volume of cerebrospinal fluid per kg of body 
weight (4 ml/kg) is twice that of adults (2 ml/kg) (22); 
this may account for the significant increase (in terms 
of mg/kg) in the requirements for local anesthetics 
during spinal anesthesia in young patients. 

Perception and assessment of pain in children. Three 


656 ANESTH ANALG 
1989;68:654-72 





Figure 2. Spread of solutions (1 ml/kg) containing contrast media 
within perineurovascular spaces. A. Axillary perineurovascular 
space: note the distal spread of the solution, whereas the inter- 
scalene space is not reached by the solution. B. Injection in the same 
space after placement of a tourniquet at the root of the upper limb: 
note that the limit between the interscalene space and the axillary 
perineurovascular space is not increased by the injected solution. 


REVIEW ARTICLE 


Figure 3. Compartmentation of the posterior part of the epidural 
space. 1. Right lateral epidural band. 2. Plica mediana dorsalis. 3. 
Left lateral epidural band. 4. Dura mater. 


main components are usually identified in the per- 
ception of somatic pain (23): 1) motivational-directive, 
transmitted by C unmyelinated fibers (slow pain) and 
leading to protective reflexes (autonomic and motor 
activities such as contraction of muscles and rigidity); 
2) sensory-discriminatory, transmitted by A delta 
myelinated fibers (fast pain), allowing accurate iden- 
tification and location of the nociceptive stimulus and 


eliciting withdrawal reactions; and 3) cognitive- 


REVIEW ARTICLE 


evaluative, which is multifactorial but mainly a cere- 
bral process and does not result from the stimulation 
of peripheral receptors. 

In neonates, pain is almost exclusively limited to 
the motivational-directive component. As myelina- 
tion develops, fast pain becomes more important, 
while the cognitive-evaluative component develops 
throughout childhood and adolescence, being influ- 
enced by a variety of environmental, educational, 
social, cultural and individual factors, including pre- 
vious experiences of pain. 

A few years ago, it was commonly believed that 
neonates did not feel pain, at least at a cortical level. 
Several studies of pain perception and response have 
focused on behavioral changes, hormonal responses, 
autonomic disturbances and analysis of crying behav- 
ior (24-26). The results of these studies support the 
hypothesis that nociceptive stimuli result in signifi- 
cant behavioral and physiological changes in the 
neonate, and that these changes may persist for 
several hours, i.e., neonates feel pain. Nevertheless, 
it is difficult to precisely assess pain in such young 
patients: cries carry little information about the cry 
evoking situation and cannot be used to determine 
whether or not the patient feels pain. However, this 
“graded signal” and the response to stimulation can 
be indicative of the level of general comfort of the 
baby. Comparison with the preoperative neonate’s 
demeanor usually allows an estimation of pain, al- 
though it still remains subjective. 

In infants, characteristic facial expressions, behav- 
ioral changes, sleep and eating disturbances, failure 
to be consoled by nurses and parents, and/or the 
occurrence of behavioral regressions are the most 
usual symptoms indicative of pain. With some expe- 
rience, these symptoms can be used for assessing 
pain (but still very subjectively). 

Even in toddlers and pre-school age children as- 
sessment of pain is difficult. In spite of their devel- 
oping ability to communicate, these children have 
little experience with pain perception and little un- 
derstanding of analog concepts (27-30). Pain is often 
interpreted as an all-or-none phenomenon. In chil- 
dren aged 1 to 7 years, the best way to assess pain is 
by using the CHEOPS pain scale (31). After age 7, the 
psychological component of pain becomes increas- 
ingly important. 

The assessment of pain in school age children, and 
especially in adolescents, is progressively easier and 
increasingly similar to assessment in adults using 
visual analogue scales and behavioral responses 
(32,33). 
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Pharmacological Characteristics 


Pharmacokinetics of local anesthetics. After injection into 
tissues, local anesthetics diffuse towards both their 
site of action and blood vessels that they enter quite 
freely. The systemic vascular absorption of local an- 
esthetics correlates positively with 1) the number and 
size of capillaries at the site of injection; 2) local blood 
flow (34), a considerably more important factor in 
infants and children than in adults; and 3) a high 
blood/tissue partition coefficient of the drug. Addi- 
tion of epinephrine considerably retards the systemic 
uptake of local anesthetics, especially when local 
blood flow is abundant, i.e., in infants. 

The blood concentration of local anesthetics fol- 
lows a time-related profile (35,36). This is usually 
assessed by measuring the peak drug concentration 
(Cm), the time necessary for reaching the Cm (Tpeak) 
and for eliminating half the given dose (Tipeta) (Table 
1) (37-42). After systemic uptake, the local anesthetic 
is redistributed to different body fluid compartments 
and tissues and progressively eliminated by plasma 
or hepatic metabolism; only small amounts of local 
anesthetics are excreted in unchanged form in urine 
(and gastric juice, especially in neonates). 

Overall drug distribution is assessed by measuring 
the steady state volume of distribution (V pss), which 
is generally considerably greater in young children 
than in older children and adults (Table 2). Local 
anesthetics bind to plasma albumin and competition 
may occur with other drugs or biological products 
(especially bilirubin in neonates) bound to albumin. 
However, the principal binding protein of blood is an 
alphal-glycoprotein (also termed orosomucoid), plas- 
ma concentration of which may be increased in 
disease states involving inflammatory disorders and 
malignancies (43). In infants under 9 months old, the 
plasma concentration of alphal-glycoprotein is (as is 
that of albumin) low. This results in a relative in- 
crease of the unbound form of all amino-amide local 
anesthetics (43-46) and may lead to systemic toxicity 
for locals with high protein affinity (such as bupiva- 
caine or etidocaine) (47-49). 

Metabolism of local anesthetics. Aminoester local an- 
esthetics are hydrolyzed mainly by plasma cholines- 
terase. Esterase activity is related to the develop- 
mental stage of the fetus and gradually increases 
throughout the first year of life (50); hydrolysis of 
procaine and chloroprocaine is thus reduced in in- 
fants (51). Most of the hepatic microsomal enzymatic 
systems necessary for the metabolism of aminoamide 
local anesthetics are present at birth but their activi- 
ties are considerably lower than those in older pa- 
tients (50,52-54). Hydroxylation rates of mepivacaine 
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Table 1. Peak Drug Concentrations (Cm) and the Time of Their Appearance (Tpeak) of Some Frequently Used 


Local Anesthetics 
Route and Dose Ca T peak T}oeta 
Agent Age (mg/kg) (ug/ml) (min) (min) Reference 
Caudal: 
Lidocaine 7m—7yr 11 2.19 + 0.25 45 NM 37 
3-yr-Syr 5 2.05 + 0.08 28 155 + 32 38 
Mepivacaine 7m-7yr 11 2.53 + 0.31 30 NM 37 
Bupivacaine 7m—/yr 3.7 0.65 + 0.08 30-45 NM 37 
5yr-10yr 2.5 1.25 + 0.09 29.1 + 3.1 277 + 34 39 
Epidural: 
Bupivacaine lyr—3yr 3 12-15 NM 40 
3yr-5yr 3 20 NM 40 
Syr—llyr 3 20 NM 40 
Axillary: 
Bupivacaine 2yr-l3yr 2 1.35 + 0.37 22+ 8 NM 41 
2yr-15yr 3 1.84 + 0.45 2u NM 41 
Intercostal: 
Bupivacaine 3m-l6yr 2 0.77 -£0.25 5-10 160 + 146* 42 
3m—l6yr 3 1.27 + 0.23 5-10 103 + 75" 42 
3m—l6yr 4 1.87 + 0.5 5-10 123 + 57* 42 


m, months. yr, years. NM, not measured. “Calculated from reference 42. 


Table 2. Pharmacokinetics of Amide-Linked Local 
Anesthetics: Comparison of Distribution Parameters in 
Adults and Neonates 


Plasma 
Protein Free Fraction of Drug (%) 
Local Voss Binding 
Anesthetic (/kg) (%) Whole blood Plasma 
Lidocaine: 
Neonate 1.44.9 25 — _ 
Adult 0.2-1.0 55-65 36 30 
Mepivacaine: 
Neonate 1.22.8 36 — e 
Adult 0.6-1.5 75-80 22 20 
Bupivacaine: 
Neonate — 50-70 — — 
Adult 0.8-1.6 85-95 0.07 0.05 
Etidocaine: 
Neonate — — —_ — 
Adult 1.5-1.8 90-95 0.09 0.05 


and lidocaine are reduced in young patients (55,56), 
and they may be further lowered by pathological 
conditions such as respiratory disorders or cardiac 
failure (57). Prilocaine requires special consideration 
since its biotransformation yields 6-hydroxytoluidine 
which may lead to severe methemoglobinemia in 
neonates and infants even when relatively low doses 
are administered. 

Epidural and intrathecal administration of narcot- 
ics for providing long-lasting pain relief is gaining 
general acceptance in adults (58). It is not surprising 
that this trend has also influenced the field of pedi- 


atric anesthesia. The administration of morphine epi- 
durally (0.05 mg/kg) or intrathecally (0.010 to 0.025 
mg/kg) has proved suitable in children (59-63). How- 
ever, as in adults, the administration of morphine 
along the neuraxis results in adverse effects in 50% of 
pediatric patients, including pruritus, nausea and 
vomiting, urinary retention and respiratory depres- 
sion that may occur several hours after the adminis- 
tration of the narcotic. Respiratory depression can be 
prevented by continuous intravenous infusion of 
small amounts of naloxone, so small (5 ug/kg/h) they 
are not sufficient to reverse the analgesic effect of the 
narcotic (64-66). This continuous infusion is espe- 
cially recommended when narcotics have been ad- 
ministered intraoperatively, and the patient’s respi- 
ratory parameters should be monitored for the 24 
hours postoperatively. 

Although the pharmacology of local anesthetics is 
generally the same in children as it is in adults, there 
are differences related to enzyme immaturity, vol- 
umes of distribution and protein binding of the local 
anesthetics (47). In addition, the smaller fat content 
(15% of body weight) and skeletal mass (25% of body 
weight), the larger contribution of brain and liver to 
body weight, the higher cardiac output and regional 
blood flow result in pharmacokinetic differences be- 
tween children and adults. However, clinically used 
local anesthetics can be metabolized even by neo- 
nates and dangers of systemic toxicity cannot be 
correlated to patient’s age. Although the lower bind- 
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ing to plasma protein in young patients leads to a 
proportionately higher free drug in the blood, the 
distribution volume is significantly greater in chil- 
dren, with the result that the peak blood concentra- 
tion is lower than in adults. Nevertheless, the risks of 
accumulation are generally increased in young pa- 
tients, especially following repeated injections, since 
the mean elimination half life of local anesthetics is 
higher in infants. 


Effects, Contraindications and Complications 


Effects of regional blocks. Regional anesthesia, including 
epidural and spinal anesthesia, rarely results in hy- 
potension in children less than 5 years old though 
slight but significant decreases in blood pressure 
(between 20 to 30% of control values) occur in older 
children (67-72). The negligible hemodynamic effects 
of major regional anesthesia has been ascribed to the 
immaturity of the sympathetic nervous system in 
infants and young children. 

Epidural anesthesia is likely to suppress, in chil- 
dren as in adults, the markers of stress as represented 
by serum levels of ACTH, beta-endorphin, epineph- 
rine and norepinephrine (73-75). In addition, re- 
gional anesthetic techniques may play a significant 
role in host defense mechanisms against various 
microorganisms (76-78), but this is controversial 
(79,80). 

Complications. Some regional anesthetic techniques 
such as caudal blocks are easier to perform in children 
than in adults. Indeed, complications of caudal anes- 
thesia are rare in children. Broadman et al. failed to 
detect any complication in 1154 consecutive caudal 
blocks in children (81). 

Most local adverse effects result from incorrect 
needle placement rather than from the solution in- 
jected. Needle trauma and intraneural injection are 
normally accompanied by pain. Since most pediatric 
patients are lightly anesthetized with general anes- 
thetics during the block procedure, this important 
sign is lost. However, deliberate transfixing of a 
nerve is, at least in animals, difficult, especially when 
the neurovascular bundles are mobile (82). The use of 
short beveled needles and techniques for precisely 
locating the tip of the needle would make direct 
injury to nerve bundles virtually impossible. 

Regional adverse effects of injection of local anes- 
thetics are a result of nerve conduction blockade. 
Mainly observed following epidural and spinal anes- 
thesia, they include: 1) hypoventilation secondary to 
respiratory muscle paralysis (spread of the block to 
the cervical spinal segments); 2) urinary retention 
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following caudal epidurals; and 3) complications due 
to sympathetic blockade: hypotension (in patients 
more than 5 years old), Horner’s syndrome and 
hypoglycemia. 

Systemic toxicity is the most frequent complication 
of regional anesthetics (83,84). Local anesthetics en- 
tering the blood flow produce adverse effects primar- 
ily on the central nervous system: drowsiness, tin- 
nitus, visual disturbances, dysarthria and muscular 
twitches, convulsion, coma, respiratory and circula- 
tory depression. The danger of systemic toxicity can 
be reduced by observing basic safety rules, including 
aspiration to assure the tip of the needle is not in a 
blood vessel, injection of test doses and slow speed of 
injection. 

Contraindications. The contraindications to regional 
anesthesia in children are much the same as in adults. 
They include: 1) infection at the site of puncture, 
septicemia, meningitis (central blocks); 2) bleeding 
disorders, including anticoagulant therapy (unusual 
in children); 3) allergy to local anesthetics (also un- 
usual condition); 4) uncorrected hypovolemia (central 
blocks); and 5) degenerative axonal diseases (both 
central and peripheral). 

Regional anesthesia should also be avoided when 
there is a danger of compressive disorders in closed 
fascial compartments, especially if a plaster cast does 
not allow accurate evaluation of the vascular status of 
an extremity. Parental refusal of regional blocks and 
psychoneurotic disorders must be considered abso- 
lute contraindications to both peripheral and central 
blocks. 


Practice of Regional Anesthesia in Children 


Selection of materials and techniques. The main factors to 
be taken into consideration are: 1) the site of the 
operation, including any areas involved in the surgi- 
cal procedure (such as the site where a tourniquet is 
to be placed or where skin or bone grafts are to be 
taken); 2) the duration of pain relief sought; 3) the 
physical condition of the patient and the local condi- 
tions at the site of puncture; 4) the position of the 
patient required for performing the block; and 5) the 
experience of the anesthesiologist. It is wise to adjust 
the regional procedure to the demands of the surgical 
procedures; minor surgery should not be performed 
under spinal or epidural anesthesia [though spinal 
anesthesia has occasionally been recommended for 
minor procedure in healthy patients up to 13 years 
old (85)]. 

Difficulties may be encountered in attempting to 
locate nerve trunks or spinal spaces in children as in 
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Table 3. Recommended Agents And Doses for Block Procedures in Children 


Concentration Type of Usual Doses (mg/kg) Efficacy of E istgacy Domom: Aiotit 
Local Anesthetic (%) Block With E Without E Latency Duration (min) (hours) Block 
Ester-linked: 
Chloroprocaine 2-3 Epi + Periph 10 7 £ + 7-15 0.5-1 + 
Tetracaine 0.1-0.2 Only spinal 2 2 = 20-30 1.5-3 + 
Amide-linked: 
Lidocaine 0.5-2 Epi + Periph 7.0 5 + ++ 10-15 0.8-2 + 
5 Only spinal 1-2.5 1-2 i = 7-10 1-1.5 + 
Mepivacaine 1-2 Epi + Periph 6-8 5-7 = + 10-15 1-1.25 + 
Bupivacaine 0.25-0.5 Epi + Periph 2-3 2-3 = (1) 20-30 2.5-6 + 
Etidocaine 0.5-1 Epi + Periph 4-5 3-5 $ + 5-10 2-5 ++ 


E, Epinephrine. Epi, Epidural blocks. Periph, Peripheral blocks. (1) Epinephrine improves the duration of peripheral blocks but not that of epidural blocks. 


adults. This should be explained to the patient and 
his/her family at the preoperative visit, as should 
possible alternate procedures if such difficulties oc- 
cur. If a first attempt at initiation of a regional 
anesthesia is unsuccessful, the position and the land- 
marks should be re-evaluated before another attempt 
is made. In any case, it is unreasonable to try to 
perform the same procedure more than three times. 

Selection of anesthetic agents. A single local anes- 
thetic cannot provide satisfactory blockade in every 
circumstance. While no local anesthetic is generally 
contraindicated in children, prilocaine and mepiva- 
caine should not be used in small infants. Recom- 
mended dosages of some of the more suitable agents 
are shown in Table 3. 

Addition of epinephrine to the local anesthetic 
decreases the rate of vascular uptake, i.e., decreases 
peak blood concentration and, therefore, the toxicity. 
Epinephrine may also increase the duration of action 
and intensity of blockade, especially with short- 
acting agents (lidocaine) and when low concentra- 
tions are used. However, epinephrine may result in 
ischemic disorders and gangrene if the local anes- 
thetic is administered in areas supplied by terminal 
arteries (penile blocks, digital nerve blocks). 

The use of combinations of local anesthetics, 
though gaining more acceptance in recent years, 
remains controversial. The main advantages expected 
from such mixtures are: 1) compensation of the 
limitations of each agent (e.g., mixing a local anes- 
thetic with rapid onset but short duration of action 
with a local anesthetic with slow onset but long 
duration to achieve, one hopes, rapid onset of long- 
lasting regional anesthesia); and 2) reduction of the 
hazards of systemic toxicity by producing low and 
separated peak blood concentrations of each agent. 

Selection of materials. While a variety of needles can 
be used in children for performing either peripheral 
or central blocks, only a small number of single-use 
needles should be used so that the anesthesiologist 


can gain experience in using them (especially the 
sensation felt during their insertion). 

For proximal nerve blocks, 50 and 100 mm long 
insulated needles are suitable in over 95% of pediatric 
patients (only anterior and lateral sciatic nerve blocks 
in large patients may require needles longer than 100 
mm). Local infiltration and field blocks may be per- 
formed with a 21 to 23 gauge 30 to 50 mm standard 
needle. Intradermal wheals are performed using a 
short (less than 30 mm) and fine (25 to 27 gauge) 
needle. 

Caudal blocks may be performed with virtually 
any type of needle or plastic cannula. However, the 
use of a specific caudal needle with a short bevel and 
no longer than 30 mm, improves the conditions for 
approaching the epidural space and reduces the 
frequency of adverse effects. Spinal anesthesia may 
be performed using lumbar tap needles (22 gauge) or, 
preferably, either standard spinal needle (24 or 25 
gauge) or Whitacre spinal needles (22 to 24 gauge). 

Lumbar (and thoracic) epidural blocks may also be 
performed using several types of needles, but espe- 
cially useful are Tuohy and Crawford needles. At 
least two sizes of epidural needle should be available: 
20 gauge 40-50 mm needles for use in infants and 
young children; and 18 gauge 90-100 mm needles for 
use in patients over 7-8 years of age. Two types of 
epidural catheters should also be available for inser- 
tion in the two types of epidural needles. 

Selection of an appropriate blocking procedure. In pedi- 
atrics, regional techniques are usually performed for 
improving the comfort of the patient, even though 
not absolutely necessary for the completion of the 
operation. Therefore, the techniques must not be 
potentially detrimental to the patients. To insure 
safety, it is important to use precise techniques for 
ascertaining the position of the tip of the needle as 
well as for injecting the anesthetic solution. 

Eliciting paresthesias is widely used for locating 
nerve trunks in adults. The concept of paresthesias is 
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hard to explain to children. In addition, the safety of 
the procedure may be questionable as nerve lesions 
have been reported in adult patients who felt pares- 
thesias during block procedures (86). Furthermore, 
since most pediatric patients are under light general 
anesthesia during induction of regional anesthesia, 
the nerves should be located using a technique that 
does not require the child’s participation. This is best 
achieved by eliciting muscle twitches with a nerve 
stimulator adjusted to deliver 2 mA impulses every 
second. 

A loss-of-resistance technique using a syringe 
filled with either air or normal saline solution is 
widely used for identifying the epidural space. The 
most dependable is the air-detection technique, espe- 
cially in neonates and infants whose tissues are less 
densely packed and more hydrated than in older 
patients. However, the injection of air into the epi- 
dural space results in epidural bubbles which may 
occasionally prevent contact between local anesthet- 
ics and some root fibers, thus resulting in “gaps” in 
anesthesia in areas that would normally be anesthe- 
tized (87). Therefore, in patients over two years of 
age, fluid-filled syringes are preferred for use in the 
loss-of-resistance identification of the epidural space. 

Technique of injection. The technique of injection is 
highly important and must include assurance that 
four basic safety rules are routinely followed what- 
ever type of block or technique used: 


1. aspiration must be performed prior to any injec- 
tion, 

2. the effects of a test dose (0.5 to 1 ml) on the vital 
functions (including tachycardia and arrhythmias 
when the anesthetic solution contains epineph- 
rine) must be evaluated 30 to 60 seconds before 
injecting the total dose, 

3. injection must be slow and performed at the same 
rate, between 90 and 120 seconds, whatever the 
volume; 

4. aspiration tests must be repeated from time to time 
during injection to verify that the tip of needle has 
not moved and pierced a vessel. 


Safety Conditions 


Sedation of the patient. Emergency procedures in chil- 
dren with a full stomach may be performed under 
regional blocks as the sole anesthetic regimen. In 
most elective procedures, however, it is unusual that 
the patient requests a regional procedure as the sole 
anesthetic. The anesthesiologist may explain the ad- 
vantages of regional anesthesia with regard to the 
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preservation of consciousness, ability to eat and drink 
in the immediate postoperative period, earlier ambu- 
lation and discharge, but most children usually prefer 
to be unconscious during both anesthetic and surgical 
procedures. The administration of sedatives or light 
general anesthesia are widely accepted techniques in 
pediatrics fcr performing block procedures (88). After 
completion of the block, general anesthesia may be 
discontinued or, more usually, maintained at very 
light levels (0.25 to 0.5% halothane in 65/35% N,O/ 
O,). The same monitoring procedures as for general 
anesthesia are recommended. 

Assessmer-t of the block. Evaluating the efficacy of a 
regional blcck is not easy in children, even when 
conscious, if a motor block has not been produced. In 
alert patients, it is essential that 1) the anesthesiolo- 
gist has gained the confidence of the child; 2) the 
patient cannot see what the anesthesiologist is doing; 
and 3) comparable tests for evaluation of anesthesia 
be performed in non-blocked areas. Skin pinching, 
usually considered most reliable, allows appropriate 
evaluations in most primary school patients, though 
the answers of adolescents may be far less reliable 
due to anxiety. The use of a nerve stimulator and the 
development of a motor block usually reassure most 
anxious patients that the block is effective. It is 
essential for the anesthesiologist to provide psycho- 
logical support to the patient during the first 3 to 5 
minutes following incision until he/she gains suffi- 
cient confidence in the efficacy of the block proce- 
dure. 

Paradoxically, lightly anesthetized patients are 
more easily evaluated for distribution and depth of 
analgesia than alert patients. Consistent skin pinch- 
ing is well tolerated in anesthetized areas while 
movement and other adverse effects occur when pain 
or discomfort occurs in unanesthetized areas. How- 
ever, the assessment of the block often remains 
difficult and imprecise. 


Technical Considerations 
Upper Limb Blocks 


Supraclavicular blocks. Supraclavicular blocks are suit- 
able for emergency procedures of the upper extrem- 
ities, especially when the lesions are located on the 
proximal part of the arm. In elective surgery, supra- 
clavicular blocks are recommended 1) more often for 
postoperative than intraoperative pain relief; 2) when 
a tourniquet has to be placed on the proximal part of 
the arm; and 3) when the axillary route is not suitable. 
Contraindications (see following) are related to po- 
tential impairment of ventilation. Supraclavicular 
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blocks should be avoided in patients with respiratory 
insufficiency or in those requiring bilateral blocks. 

The brachial plexus traverses the interscalene 
space in a perineurovascular compartment which 
ends at the level of the coracoid process of the scapula 
(there is no communication with the axilla) (17,18). 
Three basic techniques are suitable. 

The interscalene approach according to Winnie 
(89) provides good sensory blockade of both cephalad 
nerves of the plexus and, in most patients, the lower 
branches of the cervical plexus; caudad branches of 
the brachial plexus may, however, be poorly anesthe- 
tized (90). This block may rarely result in severe 
adverse effects including vascular complications (es- 
pecially vertebral artery injury), undesirable nerve 
blocks (phrenic nerve, recurrent laryngeal nerve, 
stellate ganglion block with Horner’s syndrome) (91- 
94), and epidural or intrathecal penetration (particu- 
larly when the needle is advanced in a horizontal 
plane instead of slightly caudally) (95). 

Several peri-subclavian artery approaches have 
been described (91,9698). They consist of penetrat- 
ing the lower part of the interscalene space, slightly 
above the first rib following various insertion routes 
and landmarks. These techniques provide good sen- 
sory blockade of virtually all branches of the brachial 
plexus (18,99). However, they require considerable 
experience for use in children and complications 
include pneumothorax, undesired block of other 
nerves, and subclavian vessel penetration (100-102). 
They should not be used routinely. 

The parascalene approach (18) consists of penetrat- 
ing the interscalene space away from the apical 
pleura and following an insertion route that would 
avoid encountering the great vessels, vagus and 
phrenic nerves, stellate ganglion, and epidural and 
subarachnoid spaces. The depth at which the plexus 
is located in children is shown in Fig. 4. Volumes of 
anesthetic solution that are usually injected are 
shown in Table 4. The anesthetized area is that 
supplied by both infra- and supraclavicular branches 
of the brachial plexus. The lower branches of the 
cervical plexus are blocked in more than 50% of 
procedures. Adverse effects are infrequent with this 
procedure, the most frequent being Horner's syn- 
drome (in less than 5% of patients). 

Axillary blocks. Axillary blocks are recommended 
for emergency procedures and elective surgery on the 
upper extremities, especially when surgery involves 
the forearm or the hand. This block procedure should 
be the first one thought of when regional anesthesia 
is being considered for an operation on the upper 
extremity. Contraindications include: 1) the presence 
of lymphadenopathies (infection, malignancies) in 
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Figure 4. Depth (in mm) at which the brachial plexus can be found 
via the parascalene route according to patient's weight (in kg). 


the axilla, 2) unstable fractures or lesions in which the 
shifting of the upper extremity is prohibited, and 3) 
proximal lesions (or placement of a tourniquet at the 
proximal part of the limb). 

Axillary blocks are virtually free of complications. 
Accidental (or deliberate, in some techniques) arterial 
puncture is the most undesirable occurrence, which 
may occasionally result in transient vasculary insuf- 
ficiency and/or compressive hematomata (103-106). 
Pneumothoraces have been observed following inap- 
propriate insertion routes, but they are unusual. 

Several methods have been recommended for axil- 
lary blocks (107-113). The use of a tourniquet aimed 
at favoring an upward flow of the local anesthetic 
(113) should be discouraged in children due to dan- 
gers of compression. Transaxillary artery approaches 
(111,112) should not be used in children since they 
may result in compressive hematomas. Some authors 
recommend a two-injection technique (109,111), one 
above, the other below the axillary artery. This pro- 
cedure is not usual in children and may result in the 
injection of excessive amounts of local anesthetics. 

Recommended volumes of anesthetic solution are 
shown in Table 4. The expected anesthetized area is 
the one that is supplied by the ulnar, median and 
radial nerves. However, in up to 40% of procedures, 
the spread of the local anesthetic to the radial nerve, 
and, at times, the ulnar nerve, is insufficient for 
complete surgical anesthesia (99). 
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Table 4. Recommended Volumes of Anesthetic Solution (in accordance to patient’s weight) for Most Usual Peripheral 


Recommended Volume of Anesthetic Solution 


Block Procedures 

Block Procedure below 20 kg 
Supraciavicular block 0.5-1 mi/kg 
Axillary block 0.3-0.6 ml/kg 
Femoral nerve block 0.5 ml'kg 
Sciatic nerve block 0.5 mi‘kg 
“3-in-1” block 1 ml/kg 
Lumbar plexus block 0.7 ml'kg 


Other types of upper limb blocks. Intravenous regional 
anesthesias (Bier blocks) are suitable in children for 
operations on the upper extremities, distal to an 
inflated tourniquet (114-117). Contraindications in- 
clude operations lasting more than about 90 minutes 
and lesions that do not permit: 1) the use of a 
tourniquet (such as extensive wounds or ischemic 
disorders); 2) the movement of the limb; and 3) the 
application of an Esmarch bandage (this is not an 
absolute contraindication). Also, patients with a his- 
tory of convulsive disorders and/or various diseases 
including cardiac dysrhythmia, septicemia, hypovo- 
lemia, sickle cell disease and related disorders, and 
neurological or vascular disorders, should not have 
Bier blocks. 

The safety and reliability of Bier blocks in children 
(114-117) include especially assurance that the tour- 
niquet does not deflate. If this happens, the dangers 
of systemic toxicity are great, and several fatalities 
have been reported, including at least one reported 
case in children (118). 

Distal conduction blocks at the shoulder, elbow or 
wrist are only complementary blocks in pediatrics 
and their indications are usually failure of proximal 
blocks (especially axillary blocks). These blocks are 
not usual in children and require fairly extensive 
experience. Their description can be found in refer- 
ence 119. 


Lower Limb Blocks 


Femoral nerve block. Femoral nerve block is the lower 
limb block most often used in pediatrics. It is recom- 
mended for children with a fractured shaft of the 
femur and should be performed as early as possible 
after the accident for improving transport and phys- 
ical and radiological examinations, wound dressings 
and orthopedic procedures (120,121). This block may 
also be used for intra- and postoperative pain relief in 
elective surgery of soft tissues of the thigh and 
operations on the femur especially, in the latter case, 


According to the Weight of Children 


20-29 kg 30-45 kg over 45 kg 
15-20 ml 20-22.5 ml 22.5-25 ml 
10-15 ml 13-18 ml 18-20 ml 
10-12.5 ml 12.5-15 ml 15-17.5 mi 
10-12.5 ml 12.5-15 ml 15-17.5 ml 
20-25 ml 25-30 ml 30-35 ml 
10-12.5 ml 12.5-15 ml ` 15-17.5 mi 





Figure 5. Depth (in mm) at which the femoral nerve can be found 
according to patient's weight (in kg). N = patients with a normal 
thigh. E = patients with enlarged thigh (hematoma due to frac- 
tured shaft of the femur). 


when epidural blocks are not suitable. This block has 
no specific contraindications. Several techniques are 
suitable, as in adults (122-124) and the depth at 
which the nerve is located according to patient’s 
weight is shown in Fig. 5. 

Sciatic nerve blocks. Sciatic nerve blocks are recom- 
mended for operation on the foot and for extending 
the anesthetized area resulting from femoral blocks 
for procedures on the leg. There are no specific 
contraindications. Damage to the sciatic nerve has 
been reported following intramuscular injections in 
the dorsog_uteal area (125-127), especially in infants, 
but both experimental data and clinical experience 
with the use of local anesthetics have confirmed the 
safety of the procedure (128,129). 

The sciatic nerve is the largest nerve of the body. It 
may be blocked either proximally or immediately 
above its division (130,131) in the popliteal fossa 
(however, distal approaches are less usual in children 
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and should be considered complementary block pro- 
cedures only). Basically, three proximal approaches 
are suitable. The most classical is the posterior ap- 
proach, with the child lying on the contralateral side 
(122). An anterior approach has been described for 
use in patients placed in the dorsal recumbent posi- 
tion (132-135). This approach is more difficult and it is 
not free of complications (femoral vessels puncture). 

A lateral approach can also be used in patients lying 
supine (136,137) and it is safer and easier than the 
anterior approach. The depth at which the sciatic 
nerve is located depends on the insertion route (Figs. 
6A-C). Recommended volumes of anesthetic solution 
are shown in Table 4. | 

Other pertpheral nerve blocks of the lower extremities. 
The block of the lateral cutaneous nerve of the thigh 
(138,139) may be recommended for muscle biopsy 
(malignant hyperthermia) but it is usually performed 
for completing a femoral nerve block, especially for 
anesthetizing the incision site of operations on the 
femur. 

The lumbar plexus can be blocked at the level of 
the psoas muscle where it lies in a fascial plane 
termed the “psoas compartment” (140). Two proce- 
dures have been reported (140-142) but the results 
are not the same: following Chayen’s.technique, the 
local anesthetic usually reaches the epidural space, 
thus providing anesthesia of both sides of the lower 
part of the body, whereas Winnie’s technique results 
in unilateral sensory blockade of (ipsilateral) lumbar 
and sacral plexus nerves (141,142). 

Other techniques. Obturator nerve and posterior 
femoral cutaneous nerve blocks have virtually no 
indications in pediatrics. The “3-in-1” block proce- 
dure may provide consistent blockade of the three 
main nerves of the lumbar plexus that supply the 
lower extremity (143). However, the procedure is not 
reliable and requires large amounts of local anes- 
thetic. Peripheral nerve blocks at or below the knee 
have occasionally been used in children, but they, 
too, should be considered as unusual complementary 
blocks. A complete description of these block proce- 
dures can be found in reference 144. Intravenous 
regional anesthesia is not recommended for opera- 
tions of the lower limbs in children. | 


Blocks Along the Neuraxis 


Caudal blocks. Most surgical procedures of the lower 
part of the body (mainly below the umbilicus) can be 
performed under caudal anesthesia. The indications 
include especially herniorrhaphies, operations on the 
urinary tract, anus and rectum, and orthopedic pro- 
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cedures on the pelvic girdle and lower extremities 
(67,69,145-147). Specific contraindications include 
major malformations of the sacrum, myelomeningo- 
cele and meningitis. 

Complications are unusual. They result from mis- 
placement of the needle into superficial soft tissues 
(failure of the block), intravascular or intraosseous 
injections (systemic toxicity), subarachnoid injection 
(spinal anesthesia) or even penetration of pelvic vis- 
cera and vessels (148,149). These complications can 
be easily avoided by using a proper technique, in- 
cluding aspiration tests and evaluation of the effects 
of test doses. Hypotension may occur in patients 
more than 5 years old. A delay in voiding is fre- 
quently reported, but true urinary retention is rare. 
Vomiting has been reported in up to 30% of patients, 
but its occurrence is usually less [12% in our series 
(69), 5% in that of Busoni and Andreuccetti (150)]. 
Infection due to the proximity of the anus has almost 
never been reported unless an epidural catheter has 
been inserted via the caudal route. The most usual 
adverse effects are inappropriate extents of anesthe- 
sia (excessively low or high level of blockade, lateral- 
ization) and failures of the block, especially in chil- 
dren over 7 years of age. The latter complication 
occurs in 2.8% (67) to 23.2% (148) of attempted caudal 
blocks. . 

The epidural space can be entered less than 20 mm 
from the skin almost always (69). The optimal volume 
of local anesthetic to be administered is controversial, 
and several mathematical models and equations have 
been presented (21,148,150-158). From a practical 
point of view, the scheme recommended by Armitage 
is the most appropriate (159). The injection of 0.5, 1.0, 
and 1.25 ml/kg of local anesthetic provides an upper 
limit of analgesia lying at sacral-lumbar, lumbar- 
thoracic, and mid-thoracic levels, respectively. 

Intervertebral epidural blocks. Epidural anesthesia 
may be used as the sole anesthetic (emergency pro- 
cedures) or in combination with general anesthesia 
for operations of the lower extremities and almost 
any part of the trunk, including the chest, abdominal 
cavity, pelvis and retroperitoneal areas (68,159-165). 
Deciding whether the caudal or either the lumbar or 
sacral intervertebral approaches should be used may 
be difficult. Most operations on the pelvis and lower 
limbs in young children (less than 7 years old) are 
preferably performed under caudal anesthesia, pro- 
vided that a single injection technique is adequate. 
Conversely, procedures in older patients or those of 
long-duration (especially orthopedic procedures) 
benefit greatly from the placement of an epidural 
catheter which can only be safely inserted in the 
lumbar (or, to a lesser extent, thoracic) areas. 
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Figure 6. Depth (in mm) at which the sciatic nerve can be found 
(according to patient’s weight in kg) via different routes: A = 
Posterior route. B = Anterior route. C = Lateral route. 


Specific contraindications include severe malfor- 
mations of the vertebral column and the spinal cord 
(complete spina bifida, meningocele). Also,. patients 





with a history of hydrocephalus or severe convulsive 
disorders, and those with vertebral implants (Har- 
rington rods), reduced intracranial compliance orele 


vated intracranial pressure should preferably not be 
given epidural anesthesia. 

Several complications may occur following epi- 
dural blocks in children. They are basically the same 
as in adult patients. Accidental puncture of epidural 
vessels may lead to ischemic disorders and/or sys- 
temic toxicity. Direct trauma of the spinal cord may 
occur following thoracic and upper lumbar ap- 
proaches. Neurological disorders and sequelae have 
been reported in adult patients (166-168): fortunately, 
they are extremely unusual in children. Also, epi- 
dural catheters may be inappropriately placed or 
ruptured (169-171). Complete failure of the block is 
usually the result of the misplacement of the needle 
(or catheter). Inadequate sensory blockade is not 
unusual and may consist of low or excessive spread 
of analgesia, lateralization of the block or persistence 
of unblocked segments. The use of epidural narcotics 
may be associated with several complications, espe- 
cially delayed respiratory depression (172-174), thus 
requiring postoperative monitoring of respiratory pa- 
rameters. 

Epidural techniques are basically the same in chil- 
dren as in adults. Difficulties may be encountered 
during the procedure due to inappropriate place or 
route of insertion of the needle and insufficient 
flexion or deformities of the vertebral column. If the 
anesthesiologist has had experience with this tech- 
nique, the oblique paramedian approach may be 
attempted. In some patients, epidural blocks may be 
performed at thoracic levels for operations on the 
chest and/or the upper part of the abdomen (162,164). 
Midline insertion routes are suitable in most pediatric 
patients. When difficulties are encountered, it may 
become necessary to use the oblique paramedian 
route. Whatever the route used, thoracic approaches 
are more hazardous than lumbar epidural blocks: 
they should be attempted only by experienced anes- 
thesiologists. Cervical epidural blocks have not been 
reported in children. Recently, Busoni and Sarti (165) 
reported a new technique for approaching the epi- 
dural space via S1-S2 or $2-S3 interspaces. This 
procedure is a suitable alternative to caudal blocks, 
especially when the sacral hiatus is difficult to locate 
by palpation. 

The distance between the skin and the epidural 
space depends on the angle of insertion of the needle 
and patient’s weight (Figs. 7A—C). As with caudal 
anesthesia, several formulas have been reported for 
the volume of anesthetic solutions to be injected 
epidurally. From a practical point of view, the most 
dependable scheme of administration is that recom- 
mended by Schulte-Steinberg (21): 
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V = 1/10 x (age in years) 


where V is the volume (in ml) necessary to block one 
spinal segment. 

Spinal anesthesia. Present indications for spinal an- 
esthesia in pediatric patients include surgery of the 
lower part of the body in high-risk infants, especially 
premature infants who experienced respiratory dis- 
tress syndromes in the neonatal period and patients 
with potentially life-threatening anomalies (tracheo- 
malacia, Pierre Robin syndrome, arthrogryposis mul- 
tiplex congenita, severe hypotrophy, macroglossia) 
(71,72,85,160). The aim of spinal anesthesia is to 
provide adequate distribution of anesthesia with very 
small amounts of local anesthetic while avoiding 
intubation and respiratory assistance. 

Larger children undergoing major operations 
(open heart surgery, spinal fusions) may benefit from 
the administration of intrathecal narcotics (59,63). 
However, careful postoperative monitoring is neces- 
sary due to risks of delayed respiratory depression. 

Spinal anesthetics have the same contraindications 
as epidural blocks. The duration of sensory blockade 
does not allow performance of operations lasting over 
about 90 minutes. In addition, spinal anesthesia in 
children should not be considered a routine proce- 
dure and must not be performed by novices. 

The technique consists of performing a lumbar 
puncture. The same positions as for lumbar epidural 
blocks are suitable. However, the recommended po- 
sition in high-risk infants is the lateral decubitus with 
the chin extended (175,176). Local anesthetics, usu- 
ally in hyperbaric solutions, such as 0.5% dibucaine, 
5% lidocaine, 1% tetracaine, 0.75% and 0.5% bupiva- 
caine have been used with success in children. Tetra- 
caine may be the best choice at present (177-178) 
though 0.5% bupivacaine in isobaric solution has also 
proven suitable (179). 


Other Regional Procedures 


Intercostal nerve blocks. Intercostal nerve blocks may be 
used for relieving pain during and after thoracotomy, 
liver transplantation, pleural drainage and in patients 
with rib fractures. They are not recommended for 
patients with a pulmonary disease impairing blocd- 
gas exchanges, and for patients who cannot be kept 
under intensive medical observation for several hours 
(due to danger of clinically delayed pneumothora- 
ces). While the intercostal space can be approached 
from virtually any point along the lower border of the 
ribs, the most usual sites of puncture are on the 
midaxillary line with the child lying semi-prone (189). 
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Figure 7. Depth at which the epidural space can be located fol- 
lowing different intervertebral epidural blocks: A = Sacral route. 
B = Lumbar route, C = Thoracic route. M = midline insertion 
route. P = paramedian insertion route. 





Usually, several adjacent intercostal nerves have to 
be blocked so that an appropriate sensory blockade 
can develop. Intercostal block is the block technique 
which leads to the highest blood concentrations of 
local anesthetics for a given dose (42,181); therefore 
only diluted solutions should be injected (1 ml per 
intercostal space of bupivacaine diluted so that the 
total dose does not exceed 2 mg/kg). 

Iliotnguinal and iliohypogastric nerve blocks. These 
nerve blocks may provide adequate pain relief for 
operations on the inguinal region (182-184) but the 
technique is less reliable than caudal anesthesia. 

Penile blocks. Several procedures have been recom- 
mended for providing postoperative pain relief after 
operation of the penis. Administration of parenteral 
narcotics does not always guarantee appropriate pain 
relief (185,186). Caudal blocks are effective but may 
result in adverse effects such as vomiting and delayed 
micturition (187); furthermore, performing a central 
block for minor surgery seems to many to be unnec- 
essary. Topical anesthesia (188,189) is very simple, 
can be repeated and is said to be safe (but data on 
vascular uptake and peak blood concentration are not 
available); however, it is not very reliable and poten- 
tial bacterial contamination is not unlikely. 

Since all the structures of the penis (except its base) 
are supplied by the two dorsal nerves of the penis, 
penile blocks may be the most dependable technique 
for providing postoperative pain relief following sur- 
gery of the penis. This can be achieved either at 
random, by a “subcutaneous” ring of local anesthetic 
(190) or more accurately by a specific block of the 
dorsal nerves of the penis (191-193). Blind injections, 
especially dorsally in the midline, may damage the 
dorsal vessels of the penis, with potential risks of 
systemic toxicity and compressive hematomas. On 
the other hand, dorsal nerve blocks using the tech- 
nique of Soliman and Tremblay (191) are technically 
difficult: a surgical level of anesthesia is not obtained 
in a number of procedures and complications as 
severe as gangrene of the glans penis have been 
reported (194). Therefore, none of the techniques 
mentioned above can be recommended without some 
reservations and this author believes that the dorsal 
nerves of the penis should be approached via the 
subpubic space since this technique requires little 
amounts of local anesthetic and appears easy, safe 
and reliable (195). 


Conclusion 


The use of regional anesthetic techniques in children 
is gaining more general acceptance in recent years. 
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This increasing interest results from the considerable 
technical improvements which have been made, in- 
cluding the use of nerve stimulators for precise loca- 
tion of nerve trunks and the availability of equip- 
ments designed specifically for children. In addition, 
greater acceptance and use of regional procedures in 
pediatrics are a consequence of 1) a better under- 
standing of the basic anatomical, physiological and 
pharmacologically relevant differences between chil- 
dren and adults, and 2) a broader definition of 
anesthesia in which general and regional procedures 
are considered complementary rather than opposite. 
The selection of an anesthetic procedure, either gen- 
eral, regional or a combination of both, is made on a 
case-by-case evaluation of what is best for a given 
patient. 


The author thanks Professor Ven Murthy, Laval University, 
Québec (Canada) for considerable help in reviewing the manu- 
script, and JP Monnet and Y Harmand for technical assistance in 
the preparation of the illustration. 
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Pulsed low current transcranial electrostimulation (TE) has 
been shown to induce analgesia in rats as measured by the 
wet tail flick test. This study investigates the effect of 
varying stimulus frequency, pulse width, charge balance 
and polarity, as well as the influence of electrode placement 
and time of day at which stimulus occurred. 

A biphasic, charge balanced waveform with a first phase 
duration of 2 msec, current 10 pA and repetition rate 10 Hz 


Several recent studies have presented evidence that 
low current transcranial electrostimulation (TE) can 
produce naloxone-reversible analgesia in rats (1-4). 
There are also indications that TE reduces the severity 
of opiate withdrawal syndrome in rats (3,4) and 
modulates the activity of single neurons in the rat 
brain (5-9). Despite significant differences between 
the electrical waveforms used in these studies and 
other published work, most notably with regard to 
stimulus current, the results are consistent with a 
large body of literature from the fields of electrostim- 
ulation and electroacupuncture in animals and hu- 
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was found tc induce maximum tail flick latency changes. 
The effects of morning or nighttime stimulation were 
statistically mdistinguishable, as were the differences be- 
tween monophasic and biphasic stimulation. Analgesia was 
maximized when a positive first phase was delivered into the 
right ears of the rats, but monolateral stimulation with both 
electrodes on either the left or the right ear produced no 
measurable eect. 

Examination of TE responses in sham and stimulated 
populations reveals normal response distributions with the 


‘stimulated group skewed toward a positive effect. 


Key Words: ANESTHETIC TECHNIQUES— 
ELECTRONARCOSIS. 


mans (10-15). A more detailed comparison between 
the characteristics of TE and other similar forms of 
stimulation-induced analgesia is provided in Table 1 
of a previous study (1). 

As is the case with many other forms of electro- 
stimulation, the analgesia induced by TE is mild and 
varies from subject to subject and from application to 
application. Nonetheless, the effects of varying stim- 
ulation characteristics can be quantified with use of 
the wet tail flick test, and this noxious response 
model forms the basis of a previous investigation of 
TE (1). The most striking finding presented in the 
study (1), and supported by a study of the effect of TE 
on acute morphine withdrawal in rats (4), is that 
there is only a narrow range of currents around 10uA 
at which analgesia can be induced. Analgesia first 
appears after approximately 20 minutes of stimula- 
tion and intensifies for nearly 45 minutes after stim- 
ulation ends. The maximum effect is achieved after a 
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Figure 1. Sketch of a rat ear showing the sites of electrode place- 
ment. For Experiments 1—4, the standard site (solid circle) was 
used with one electrode placed on each ear. In Experiment 5, 
monolateral stimulation with two electrodes on either the left or 
the right ear was tested using electrode configuration (X). The stud 
shown in the illustration is not drawn to scale. 


stimulus session lasting about 30 minutes, but this 
can be abolished by administration of opioid antago- 
nist naloxone. Analgesia persists for 3 or more hours, 
and there is no evidence that tolerance to TE develops 
during five consecutive daily applications. 

Although the mechanism of TE analgesia remains 
unclear, it is known that the effect is reversed by the 
opioid antagonist naloxone (1) and potentiated by the 
enkephalinase inhibitors acetorphan and thiorphan 
(16). It has also been found that the serotonin forma- 
tion inhibitor pCPA reverses TE analgesia but that the 
effect is restored by subsequent administration of the 
serotonin precursor 5HTP (17). These findings are 
consistent with the hypothesis that opioid and sero- 
tonergic components of a pain modulating system are 
activated. Further support is provided by deep brain 
single cell recordings, performed on anesthetized 
rats, which indicate that the electrophysiological 
changes induced by TE are of the same magnitude as 
those induced by focal deep brain stimulation occur- 
ring in nuclei known to be involved in pain modula- 
tion (5-9). However, the fact that small TE currents 
are applied far from these brain nuclei leaves open 
the question of how and where electrical energy is 
transduced into electrophysiological and neuroche- 
mical activity. 

One of the first steps in resolving this question is 
to determine whether changes in the electrical wave- 
form influence TE-induced analgesia, and, if so, what 
waveform characteristics maximize the analgesia. 
This study extends earlier work using, previously 
reported methodology (1) and investigates the effect 
of pulse width, frequency, polarity and charge bal- 
ance on tail flick latency (TFL) changes in naive 
young male Sprague-Dawley rats. Because the endog- 
enous opioid neurotransmitter systems are affected 
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by the 24-hour circadian rhythm (18,19), the effects of 
morning and nighttime TE are also tested. 

Earlier work (1) indicates that the likelihood of a 
given rat responding to TE in any one trial is statis- 
tically independent of its responses in previous trials. 
This study presents an analysis of TFL changes in a 
large control group of rats and also in a group 
stimulated with the optimum electrical waveform. 
The result is a comprehensive picture of the statistical 
nature of TE analgesia. 

Previous studies indicate that electro-analgesia 
may be produced by the action of stimulating cur- 
rents directly on nerves or nerve pathways near the 
stimulation site (20), implying the possibility of a 
similar mechanism for TE. On the other hand, it is 
also possible that the stimulus currents may directly 
influence (presently unknown) brain regions by a 
volume conduction mechanism (21). As a first step 
towards resolving this question, and following exam- 
ples from human clinical practice reviewed by Smith 
(10), attempts were made to induce analgesia by 
means of monolateral stimulation with both elec- 
trodes on either the left or the right ear. 


Methods 


Subjects. Male Sprague-Dawley rats (N = 189) 
weighing between 180 and 210 g at the time of 
electrostimulation were used. The animals were 
housed in groups of four with ad lib food and water 
and a 12:12 hour alternating light/dark cycle. All 
animals were naive in the sense that they had no 
previous experience with TE; however, a day before 
each experiment, the subjects were placed in re- 
straints for 1 hour to acclimate them to the experi- 
mental conditions. 


Electrode placement. Animals were anesthetized by 
injection of 450 mg/kg of body weight of chloral 
hydrate, i.p. For Experiments 1-5, gold plated stain- 
less steel electrodes (cosmeticians’ ear piercing studs) 
were inserted bilaterally into the pinnae at the apex of 
the antihelix (Fig. 1). This site was chosen because it 
resulted in a relatively low ear to ear impedance of 
8.0 + 0.4 KQ, (N = 26), as reported previously (1). 
For the monolateral stimulation experiments, two 
studs were inserted into either the left or the right ear 
only (see Fig. 1). Each rat was allowed at least 48 
hours to recover after electrode implantation. 


Transcranial electrostimulation (TE). A computer 
controlled stimulator was used to produce a contin- 
uous series of biphasic, charge balanced, rectangular 
pulses which, unless otherwise specified, had a rep- 
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p 100 uA 


BIPHASIC (100% COMPENSATION) 
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Figure 2. Diagrammatic illustration of TE waveforms. (a) A bipha- 
sic charge balanced waveform, with positive first phase and 
negative, low amplitude, long duration second phase. (b) A 
monophasic non-charge balanced waveform, as used in Experi- 
ment 3. 


etition rate of 10 Hz, first phase amplitude 10 uA, and 
first phase duration 2 msec. The second phase dura- 
tion was approximately equal to the interval between 
consecutive first phases, and the amplitude such that 
the net charge delivered in any cycle was 0. A typical 
pulse is diagramed in Figure 2. 

In the experiments reported in this study, an 
essentially constant (+2%) stimulus current was 
maintained by connecting the constant voltage wave- 
form generator in series with a 200 KQ resistor. 
Newer stimulators now in use differ from this config- 
uration in the implementation of a digital sensing and 
feedback system that actively maintains a constant 
stimulus current. 

Fifteen minutes before stimulation, the rats were 
placed in adjustable cylindrical plastic restrainers to 
which they had previously been acclimated. Leads 
were connected to the electrodes with the positive 
lead (that delivering a positive first phase) attached to 
the animals’ right ears. Each experiment included a 
“sham control group” consisting of rats that were 
implanted, restrained, and connected as previously 
mentioned, but that did not receive any electrical 
stimulation. 

All observations were carried out by operators 
who were blind to the stimulus parameters and to 
which animals received stimulation. Care was taken 
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to exclude systematic influences on the data arising 
from stimulation at different times of day by stimu- 
lating and testing equal numbers of animals from 
each stimulus or sham group in every stimulation 
session. 


Measurement of analgesia. Analgesia was assessed 
using the wet tail flick method (22,23). Although 
there are numerous analgesic models reported in the 
literature, including several versions of the tail flick 
test using wet heat, dry heat and pressure (among 
others), there is no consensus as to which method is 
best in any given situation (24,25). TE experiments 
conducted in our laboratory indicate that a pressure 
measure is more sensitive than the wet tail flick (17), 
and a dry heat measure also gives good results. 
However, for consistency with previous work, this 
study uses only the wet heat test. 

Immediately preceding and after electrostimula- 
tion, the distal 2.5 cm of each rat’s tail was immersed 
in water at 50°C. The time in seconds measured with 
a stopwatch from submergence to the first flicking 
response was taken as the tail flick latency. If a rat did 
not respond within 20 seconds, its tail was removed 
from the water to prevent tissue damage. During this 
study, no rat left its tail immersed for 20 seconds. 
Examination of the tails after repeated tail flick tests 
revealed no tissue damage. Four successive latencies 
were determined during both the pre- and post-test. 
In each case, the first measurement was discarded 
and the last three were averaged to yield pre- and 
post-stimulus scores. Each rat’s analgesia rating was 
its mean post-test latency minus its mean pre-test 
latency. 


Statistical analysis. All analyses of variance were 
conducted using SYSTAT, a commercially available 
software package (26). Two other tests were used in 
the analysis of results: Tukey’s Honestly Significant 
Difference (HSD) test and Dunnett’s Test for Multiple 
Comparison to a Single Control Group (27). 

Tukey’s HSD is a conservative one tailed post hoc 
test designed to avoid errors occurring in multiple 
comparisons of experimental groups. This test estab- 
lishes a critical range between group means that 
allows multiple comparisons between any two 
groups in the experimental design. It is available in 
the SYSTAT package. 

Dunnett’s test is a one tailed post hoc statistical 
measure designed for comparing a single group with 
multiple other groups. It is not available on the 
SYSTAT package and was performed by hand. 


Ethical statement. All experimental procedures 
were approved by the Animal Experiment Council of 
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the University of Texas Health Science Center and are 
in compliance with the proposals of the Committee 
for Research and Ethical Issues of IASP (28). 


Procedure 


Experiment 1 tested the analgesic effects of different 
stimulus pulse widths in 63 rats not previously ex- 
posed to TE that were randomly assigned to seven 
groups of 9 rats each. These groups had 30 minutes of 
10 uA, 10 Hz stimulation with, respectively, 0 
(sham), 0.1, 0.5, 1, 2, 4, and 8 msec first phase pulse 
widths. As in all the following experiments, tail flick 
latencies (TFLs) were determined before and after 
stimulus by an operator who was blind to the stimu- 
lus parameters, and the time difference in seconds 
determined the animals’ analgesia scores. 
Experiment 2 tested the analgesic effects of dif- 
ferent stimulus frequencies in 63 rats randomly as- 
signed to 7 groups of 9 rats each. These groups had 30 
minutes of 10 uA, 2 msec pulse width stimulation at 
0 (sham), 5, 5.7, 10.0, 15, 20, and 50 Hz. 
Experiment 3 tested the necessity of using a charge 
balanced stimulus waveform in 27 rats randomly 
assigned to 3 groups of 9 rats each. These groups had 
30 minutes of stimulus with, respectively, no stimu- 
lus waveform (sham); 10 Hz, 2 msec, 10 uA stimula- 
tion with a charge balanced waveform; or 10 Hz, 2 
msec, 10 uA stimulation with a monophasic (non- 
charge-balanced) waveform as illustrated in Figure 2. 
Experiment 4 tested the effect of stimulus polarity 
on the analgesia produced by TE in 15 rats tested 
three times in a blind, triple crossover design with 
30-minute stimulus sessions. Each rat received one 
session of sham stimulation; one of 10 Hz, 2 msec, 10 
uA charge balanced TE with standard polarity (posi- 
tive lead on the right ear); and once of 10 Hz, 2 msec, 
10 uA TE with reversed polarity (positive lead on the 
left ear). TFL analgesia scores in this experiment were 
determined in all animals before and after each ses- 
sion. Statistically weak results lead to a repeat of the 
experiment using a further 12 subjects in the same 
triple crossover design. The experiments were ana- 
lyzed separately as noted in the Discussion. 
Experiment 5 examined the possibility of circadian 
influences on the TE analgesic response in 17 rats 
under four conditions: light cycle, no TE; dark cycle, 
no TE; light cycle with TE; and dark cycle with TE. A 
repeated measures, crossover design was employed 
so that half of the rats received their first stimulation 
in the light cycle, and half received it in the dark 
cycle. Every rat thus participated in every condition. 
Simulated darkness was achieved in the dark cycle by 
using low wattage, red filtered lighting that allowed 
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Figure 3. Analgesic effects of different electrostimulation pulse 
widths. Sixty-three rats were randomly assigned to seven groups 
of nine. Each group received 30 minutes of 10 uA, 10 Hz stimula- 
tion with 0 (sham), 0.1, 0.5, 1, 2, 4, or 8 msec pulse widths. The 1, 
2, and 8 msec groups were shown by Dunnett's test to have 
significantly higher analgesia scores than the sham controls, P < 
0.05. 


the experimenters to conduct the experiment. The 
experiments were performed 5 hours + 30 minutes 
into the respective cycles. Each stimulated rat re- 
ceived 30 minutes of 10 Hz, 2 msec, 10 uA charge 
balanced TE, and TFL analgesia scores were deter- 
mined in the usual way. 

Experiment 6 investigated the efficacy of several 
electrode positioning schemes in 36 rats randomly 
assigned to three groups of 12 rats each. One group 
had one electrode in each ear; the other two groups 
had two electrodes in either the left or the right ear as 
illustrated in Figure 1. Each animal had 30 minutes of 
10 Hz, 2 msec, 10 pA charge balanced TE. TFL 
analgesia scores were determined in the usual way 
under blind conditions. 


Results 


The results of Experiment 1, varying waveform pulse 
width, are illustrated in Figure 3. A one-way analysis 
of variance indicates a significant effect for pulse 
width on the change in tail flick latency, F(6,56) = 
2.283, P < 0.05. According to Dunnett’s test for 
multiple comparisons with a single control, three 
groups (1, 2, and 8-msec pulse widths) differed 
significantly from sham in post hoc comparison, P < 
0.05. Although the 2-msec group showed the greatest 
overall degree of analgesia, the difference between 
this and the 1 or 8-msec groups was not statistically 
significant. 

The results of Experiment 2, varying frequency of 
electrostimulation, are shown in Figure 4. The 10 Hz 
group showed the greatest increase, 45%, in tail flick 
latency (2.28 + 0.61 sec). A one-way analysis of 
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Figure 4. Analgesic effects of different electrostimulation frequen- 
cies. Sixty-three rats were randomly assigned to seven groups of 
nine. Each group received 30 minutes of 10 uA, 2 msec stimulation 
at 0 (sham), 5, 7.5, 10, 15, 20, or 50 Hz. According to Tukey’s HSD 
test, the 10 Hz stimulated animals had significantly higher analge- 
sia scores than the sham group, P < 0.05. 
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Figure 5. Analgesic effects of biphasic versus monophasic stimu- 
lus waveforms. Twenty-seven rats were randomly assigned to 
three groups of nine. Each group received 30 minutes of sham (no 
stimulation), charge-balanced biphasic, or monophasic 10 Hz, 10 
pA, 2 msec TE. According to Tukey’s HSD test, both stimulated 
groups showed significantly higher analgesia scores than the sham 
controls, P < 0.01. 


variance reveals a significant effect of electrostimula- 
tion frequency on the change in tail flick latency, 
F(6,56) = 4.012, P < 0.002. Post hoc comparisons 
using Tukey’s HSD test show that only the 10 Hz 
group differed significantly from the sham controls, 
P < 0.05. 

The results of Experiment 3, effect of charge bal- 
ance on changes in tail flick latency, are illustrated in 
Figure 5. The greatest increase in latency (2.95 + 0.43 
sec), which represents a 49% increase in response 
time, occurred in the rats given charge balanced 
stimulation. A one-way analysis of variance shows a 
significant effect for both mono- and bipolar stimula- 
tion on the change in tail flick latency, F(2,24) = 
13.703, P < 0.001. Post hoc comparisons using Tu- 
key’s HSD test indicate that both stimulus groups, 
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Figure 6. Analgesic effects of stimulus polarity. (a) 15 rats were 
stimulated in a blind triple crossover experiment for 30 minutes 
with each of sham, standard polarity TE, and reverse polarity 10 
Hz, 2 msec, 10 uA TE. Tukey’s HSD test reveals that the standard 
polarity group, but not the reverse polarity group, showed greater 
analgesia than the sham animals, P < 0.05. (b) A further 12 rats 
were stimulated in the same experimental design. Tukey’s HSD 
test indicates that the standard polarity group differed from both 
the reverse polarity group, P < 0.05, and from the sham group, 
P< 0.01. 


regardless of charge compensation, were significantly 
different from sham, P < 0.01. Although the bipha- 
sically stimulated group showed a TFL increase aver- 
aging 1 sec more than the monophasically stimulated 
group, this difference was not statistically significant. 

The results of Experiment 4, two successive tests of 
varying stimulus polarity, are illustrated in Figures 6a 
and b. In the first experiment, with 15 animals, a 
one-way analysis of variance indicates a significant 
effect of stimulation, F(2,28) = 4.579, P < 0.02. 
Comparison with Tukey’s HSD test revealed that the 
group receiving positive stimulation on the right ear 
had a significant increase in TFL compared to sham, 
P < 0.05. However, the reverse polarity group did 
not differ significantly with respect to either positive 
treatment or sham groups. The experiment was re- 
peated with a further 12 rats (see Discussion). In the 
second experiment, one-way analysis of variance also 
indicated a significant effect of stimulation, F(2,22) = 
7.546, P < 0.003. Comparison with Tukey’s HSD test 
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Figure 7. Effect of circadian rhythm. Seventeen rats were used in 
a four-way crossover design to test the effect of circadian rhythm 
on TE induced analgesia given 5 hours into either the light or the 
dark cycle for the animals. Every rat participated in each of four 
conditions: light cycle, no TE; dark cycle, no TE; light cycle with 
TE; and dark cycle with TE. When stimulated, each rat received 30 
minutes of 10 Hz, 2 msec, 10 uA TE. According to Tukey’s HSD 
test, there was no significant difference between the analgesia 
induced in light and dark stimulated rats, F(1,16) = 0.22, n.s. 


revealed a significant difference between positive and 
sham groups, P < 0.01, and also between positive and 
reverse polarity groups, P < 0.05. Analysis of the 
combined results from both groups, N = 27, indicates 
a highly significant difference between positive polar- 
ity and sham, P < 0.01, and between positive polarity 
and reverse polarity, P < 0.01. In neither of the two 
polarity experiments, nor in the combined results, did 
the reverse polarity group differ significantly from 
sham. 

The results of Experiment 5, which examined the 
influence of circadian rhythm on TE-produced anal- 
gesia are illustrated in Figure 7. A two-way, repeated 
measures analysis of variance indicates a significant 
main effect of stimulation, F(1,16) = 19.64, P < 0.001. 
There was no main effect for cycle (dark versus light), 
F(1,16) = 0.22, n.s. Likewise, there was no significant 
interaction, F(1,16) = 0.082, n.s. In post hoc compar- 
isons using Tukey’s HSD test, both stimulus groups 
showed a significant increase over their respective 
sham group, P < 0.05. 

The result of Experiment 6, which tested the effect 
of various electrode placements, is shown in Figure 8. 
A one-way analysis of variance indicates a significant 
effect of electrode placement, F(2,33) = 5.945, P < 
0.01. Post hoc comparison using Tukey’s HSD test 
indicates a significant difference with the group re- 
ceiving standard electrode placement showing an 
increased TFL compared with either of the monola- 
teral stimulation groups, P < 0.05. 


Discussion 


Experiment 1, which shows that 1, 2, and 8 msec 
pulsewidth TE are all capable of inducing analgesia 
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Figure 8. Analgesic effects of electrode placement. Twelve rats 
were implanted with electrodes in the standard position; 12 with 
two electrodes in the left ear; and 12 with two electrodes in the 
right ear (see Figure 1). Each group received 30 minutes of 10 Hz, 
2 msec, 10 uA TE. According to Tukey's HSD test, the standard 
placement group showed significantly greater analgesia than either 
the left monolateral group or the right monolateral group P < 0.05. 


when combined with previously reported findings (1) 
that demonstrate that 0.1 msec stimulation is also 
effective, indicates that with these rectangular stimu- 
lus waveforms, pulsewidth is not a critical TE param- 
eter. Similarly, Experiment 2 indicates that whereas 
10 Hz charge balanced TE induced maximum analge- 
sia, there was no clear optimum stimulus frequency, 
and no strong reason to favor biphasic stimulation 
over monophasic. Nonetheless, there does appear to 
be some degree of frequency dependence to the TE 
effect because the results at 7.5 Hz and 50 Hz or 
higher indicated little analgesia. The reason for this 
dependence is not known but is consistent with other 
published reports (29). 

On the basis of Experiment 3, the only reason for 
selecting a charge balanced waveform is to reduce 
polarization effects at the highly capacitive electrode/ 
tissue interface (30). However, it should be noted that 
in clinical trials of TE as an aid to smoking cessation 
(31), the incidence of reported headaches was higher 
with monophasic stimulation than that with a charge 
balanced waveform. Experiments 1-3 are in general 
agreement with the references listed in Table 1 of the 
previous study (1) in which positive results from a 
wide range of transcranially applied stimulus wave- 
forms are reported. 

The purpose of Experiment 4 was to determine 
whether stimulus polarity has any effect on TE anal- 
gesia. On examination of the original results from a 
triple crossover design with 15 animals, no definitive 
conclusion could be reached, and it was decided to 
repeat the experiment. The only rats available for this 
had been intended for a different study altogether 
and differed from the first group in that they had 
been subjected to daily handling and acclimatization 
to the restraint for one week before the experiment. 
However, the results of this repeat experiment were 
more definitive, indicating significant differences be- 
tween the positive stimulus group and both sham 
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and reverse polarity groups. Strictly speaking, differ- 
ences in handling the two groups of rats preclude a 
combined statistical analysis, but if such an analysis is 
performed, the same conclusion as for the repeated 
experiment is obtained with a higher significance 
level. 

The differences between the first and second iter- 
ations of this experiment are illustrative of a general 
problem encountered with measuring TE analgesia. 
Owing to the weakness of the effect, uncontrollable 
influences such as excessive noise or activity in the 
animal care quarters can obscure differences between 
treatment and sham groups. This effect was originally 
noticed at a time when the vivarium was under 
renovation, and daily jackhammering stressed the 
animals to an extraordinary degree. TE amelioration 
of opiate withdrawal syndrome is a much stronger 
effect and appears to be largely immune to such 
disturbances (4). 

The result of Experiment 4 is somewhat puzzling, 
seeming to indicate that greater analgesia is achieved 
if a positive current, or in the case of biphasic stimu- 
lation, a positive first phase, is delivered into the 
subject’s right ears. However, this would imply some 
kind of asymmetry in the underlying structures, 
presumably neural, on which the stimulus current 
acts. At present there is no indication as to the origin 
or nature of such asymmetry, or to possible differ- 
ences between left-pawed and right-pawed animals, 
and these topics remain the subject of ongoing re- 
search. 

In analogy with findings of research into the mech- 
anisms of TENS and acupuncture (20,32), it was 
initially hypothesized that TE analgesia results from 
excitation of nerves in the pinnae near the electrodes. 
However, Experiment 6, in combination with other 
previous work (1), points to the conclusion that a 
transcranial current path is necessary for TE to be 
effective. This is surprising because at first glance, the 
very low currents used in TE do not appear capable of 
directly affecting neurons in the central nervous sys- 
tem, and they are well below the level required to 
induce a startle or flinch response (4). Nonetheless, at 
the single cell level, inhibition of noxious responses 
occurs within a minute of starting TE (5-9). Although 
some work has addressed the action of small currents 
on the brain (21), the possible central action of TE 
remains difficult to explain. 

Involvement of endogenous opioids in TE analge- 
sia, and the known circadian variations in such 
neurotransmitter systems (18,19), raises the question 
of possible circadian effects of TE analgesia. Compar- 
ison of morning TE with stimulation given 12 hours 
later in the “dark” cycle revealed no circadian effects. 
Although it is possible that variations do occur at 
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Figure 9. TFL response histograms. (a) The distribution of percent- 
age TFL score changes between pre- and post-stimulation in sham 
rats, N = 91. (b) The distribution of percentage TFL score changes 
between pre- and post-stimulation in rats stimulated with 10 Hz, 2 
msec, 10 uA TE for 30 minutes, N = 86. 


times not tested in Experiment 5 (e.g., late in the 
afternoon), this result does not give any indication of 
circadian variations. 

A combination of results from this study and 
previous work (1) makes possible a more detailed 
analysis of the analgesic response to TE in a large 
group of subjects. Figure 9a is a histogram showing 
the distribution of percentage changes in post- minus 
pre-stimulus TFL scores for sham rats with a mean 
increase of 3.30% + 1.78%, N = 90. Figure 9b shows 
the changes for rats stimulated with 0.1 msec, 10 Hz, 
10 uA, charge balanced TE of standard polarity for 30 
minutes, with a mean increase of 32.9% + 2.6%, N = 
86. Statistical comparison of these distributions re- 
veals a highly significant difference, t(174) = 9.329, 
P < 0.0005. Both curves show central tendencies 
probability plots that reflect normal distributions. The 
stimulated group distribution is skewed toward a 
positive analgesic response but contains a significant 
population of non-responding subjects. 

The response trends of such subject groups over 
repeated sessions has been discussed previously (1), 
and it has been shown that individual responses in a 
given trial are statistically independent of those in 
previous or subsequent trials. Interestingly enough, 
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this is in contrast to recently reported results with 
acupuncture-like electrostimulation in which the 
experience of subject animals strongly influences 
their subsequent responses to stimulation (33). 

Figures 9a and 9b highlight a fundamental diffi- 
culty encountered with optimizing the TE stimulus 
waveform for maximum analgesia: the weakness of 
the effect, and its variability from subject to subject, 
obscure peaks in the response curves (notably Fig- 
ures 3 and 4), if indeed such peaks exist. One possible 
approach to improving matters is to use a different 
measure of analgesia, such as abdominal writhe, tail 
pressure or dry heat tail flick, which might provide 
greater sensitivity with less variability. Because TE 
analgesia is at least partly neurochemically mediated 
(1,17), another possibility is to seek a more powerful 
analgesic effect by co-administering neurotransmitter 
precursors, degradation inhibitors, or competitive 
system antagonists. This approach is currently the 
subject of intensive ongoing research (16). The alter- 
native of using a different measure of TE efficacy, 
such as the attenuation of opiate withdrawal symp- 
toms in morphine addicted rats, which has been 
shown to be a remarkably strong effect (4), would 
result in a much more laborious experimental proce- 
dure. 

On the basis of the evidence to date, it appears that 
30 minutes of TE with an amplitude of 10 pA, 
frequency near 10 Hz, and a pulse width of around 2 
msec induced maximum analgesia in rats. The stim- 
ulus waveform should be applied transcranially with 
the positive lead on the subjects’ right ears. Biphasic 
stimulation may prove to be slightly more effective 
than monophasic. Other work in progress aims to 
determine the locus of action of TE currents and will 
attempt to find correlates to the analgesia, particu- 
larly blood and CSF biochemical changes and deep 
brain electrophysiological indicators. 

Although the analgesia induced by TE is mild, 
ongoing work indicates that the effect may well be 
increased by various promoter substances, including 
enkephalinase inhibitors (16) and possibly several 
neurotransmitter precursors. Even if TE-induced an- 
algesia cannot be boosted by such means to clinically 
useful levels, animal studies suggest that the process 
may have promise as an aid to narcotic drug detoxi- 
fication (4). As an additional benefit, it appears likely 
that a greater understanding of the interaction be- 
tween electric current and the nervous system may 
emerge from this research. 
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Fifty-Seven Years Ago In 
Anesthesia & Analgesia 


Fifty-seven years ago in Current Researches in Anesthesia and 
Analgesia: 1932;11:177-183. P. D. Woodbridge: Neothesin for 
Spinal and Regional Anesthesia: A Preliminary Clinical Report 


procaine had reigned supreme for 30 yr as the alpha and omega of local anesthetics. The 


T: article introduces into clinical practice a new local anesthetic, neothesin, at a time when 


pharmacology and systemic toxicity of neothesin (a.k.a. metycaine, monocaine, and eventually, 
NNR piperocaine) in experimental animals had been reported in the preceding 3 yr, as had its 
metabolism and systemic toxicity (see this journal 1931; 10:103 and the references it cites). The clinical 
use of neothesin for infiltration and field blocks had also been reported a year before this article 
appeared (e.g., W. R. Meeker: Surg Gynec Obstet 1930:50:997). But this is the first report of the use 
of a local anesthetic other than procaine for major regional anesthesia in humans. As such, the paper 
reflects the long search for a local anesthetic with a longer duration of action and with less systemic 
toxicity than procaine. Equally important, this paper also reflects the coming of age of chemical 
engineering in the pharmaceutical industry to the point where it became possible to synthesize compounds 
that had been predicted. on the basis of structure—activity relationships established as early as 1910, to be 
effective local anesthetics but for technical reasons were previously impossible to manufacture. The 
increased sophistication of pharmaceutical synthetic methods at this time is seen also in the subsequent 
introduction by other companies of two competing local anesthetics: dibucaine (originally percaine but 


later nupercaine) and tetracaine (pontocaine). 


The author of this paper, Woodbridge, was a widely known and respected anesthetist at the Lahey Clinic 
in Boston. He later became even more widely known for his seminal paper defining and separating out the 
various different components that make up surgical anesthesia (Anesthesiology 1957;18:536). In this article 
Woodbridge reports that 120-320 mg neothesin in 46 mL CSF produced satisfactory spinal anesthesia in 
42 of 43 patients. The one failure was attributed to use of barbotage rather than the Trendelenburg position 
to achieve the desired level of anesthesia. Nine of the 43 operations were intraabdominal. Anesthesia 
lasted about one and a half hours with neothesin, about 30 min longer than procaine. Surgeons had to move 
right along in those days. Woodbridge also used neothesin (0.5—1.0%) for caudal and/or transsacral blocks 
in five patients, for abdominal wall field blocks (cholecystectomy, gastrectomy, etc.) in seven patients, and 
for cervical plexus blocks (thyroidectomy, esophageal diverticulectomy) in two patients. 

This article also reminds us how easy it was to introduce new drugs 50 yr ago. After this paper appeared, 
neothesin rapidly became a widely used local anesthetic. There was no need at that time for multicenter 
collaborative studies of thousands of patients and multimillion dollar expenditures to get approval of a new 
drug by a not-yet-existent Food and Drug Administration (FDA). More convenient, yes, but ultimately at 
a cost in terms of human morbidity and mortality, as attested to by the track record of many other drugs 
introduced with similar ease prior to the eventual establishment of the FDA. 


Nicholas M. Greene, MD 

Yale University School of Medicine 
333 Cedar Street 

New Haven, CT 06510 
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Clinical Reports 


First Rib Palpation: A Safer, Easier Technique for Supraclavicular 


Brachial Plexus Block 


Gregg A. Korbon, mp, Harold Carron, mp, and Christopher J. Lander, mp 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—brachial plexus. 


The supraclavicular approach to local anesthetic 
blockade of the brachial plexus offers several advan- 
tages over other approaches. It has a high success 
rate and rapid onset of action (1). Compared with the 
axillary approach, it provides more complete anesthe- 
sia of the plexus, particularly the axillary and muscu- 
locutaneous nerves, and does not require abduction 
of the arm to perform. The interscalene approach is 
complicated by a higher incidence of injection into 
epidural or subarachnoid spaces or into the vertebral 
artery. It also is relatively difficult to master (1). 

The most significant problem that has prevented 
supraclavicular block from achieving widespread use 
has been pneumothorax, a complication that has a 
reported incidence of 0.6 to 5.0% (1). We describe a 
simple technique utilizing palpation of the first rib to 
improve the ease of supraclavicular brachial plexus 
block, which also should decrease the potential of 


lung injury. 


Anatomy 


The brachial plexus and the subclavian artery cross 
over the first rib deep to the clavicle at its midpoint 
(Fig. 1). The plexus, at this level, is enclosed in a 
compartment bordered by the anterior scalene mus- 
cle and its fascial extension anteriorly and by the first 
rib posteriorly (Fig. 2). More superiorly, the posterior 
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border of this compartment comprises the middle 
scalene muscle and its fascial extension. Distal to the 
first rib, the plexus is circumferentially enclosed by 
this fascial sheath. As the plexus crosses the first rib, 
it is most compact and has the least fascial subcom- 
partmentalization as the three trunks unite to form 
the nerves of the plexus (1). The first rib, as it leaves 
the supraclavicular fossa, crosses under the clavicle 
where it can be reliably palpated. 


Landmarks 


With the patient lying supine, the landmarks are 1) 
the external jugular vein that descends down the 
neck to 2) the midpoint of the clavicle (Fig. 3) and, 
most importantly, 3) the first rib that is palpated 
between index and long fingers as they rest on the 
superior border of the clavicle (Fig. 4). 


Procedure 


With the first rib located between index and long 
fingers as described (see Landmarks), with use of an 
immobile needle technique, a 3.8 cm, 22-gauge, 
short-beveled needle is inserted into the skin directly 
between the fingertips, perpendicular to the skin in 
all planes (Fig. 5). As the needle is advanced, the 
“click” of the fascial sheath is felt, usually 1-2 cm 
deep to the skin. Local anesthetic may be injected at 
this point, or other techniques to confirm needle tip 
location within the neurovascular compartment may 
be employed. Paresthesias may be sought by fanning 
the needle along the plane between the fingertips. 
The artery may be contacted by the needle resulting 
in pulsations felt at the hub, or the artery may be 
punctured and the needle withdrawn until blood is 
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Figure 1. Anatomy of the brachial plexus. A, External jugular 
vein; B, Clavicle; C, Anterior scalene muscle: D, First rib; E, 
Brachial plexus. 
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Figure 2. Anatomy of the brachial plexus with external jugular 
vein and anterior scalene muscle removed to better show the 
relationship of the brachial plexus to the first rib. B, Clavicle; D, 
First rib; E, Brachial plexus; F, Subclavian artery. 


no longer aspirated. Alternatively, the needle can be 
advanced until the first rib is contacted (usually 3-4 
cm deep to the skin) and then withdrawn one centi- 
meter, at which point local anesthetic is injected. At 
the lateral aspect of the first rib, the plexus is bor- 
dered anteriorly by fascia, the first tissue plane deep 
to the skin, and posteriorly by the first rib. As long as 
local anesthetic is not deposited subcutaneously, it 
should be properly located in the neurovascular com- 
partment. 

Local anesthetic, 25-40 ml, may be injected to 
obtain surgical anesthesia of the brachial plexus. 
Anesthesia of the medial upper arm may then be 
achieved by injecting a subcutaneous wheal of local 
anesthetic in the axilla perpendicular to the brachial 
artery to block the intercostobrachial nerve (2). 


Methods 


Twenty-eight adult patients (15 male, 13 female; age 
47 + 9 years; weight 76 + 12 kg) undergoing surgery 
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Figure 3. Landmarks for palpation of the first rib. A, External 
jugular vein; B, Midpoint of clavicle. 


of the upper extremity were anesthetized with use of 
the described technique. Forty milliliters of 1.5% 
lidocaine with epinephrine 1/200,000 that was pH 
adjusted by the addition of sodium bicarbonate (1:10 
ml of lidocaine) were injected into the neurovascular 
compartment. All of the various needle placement 
techniques described previously were employed: 
feeling for the “click” of the anterior fascial sheath 
(n = 3), paresthesia (n = 16), arterial pulsations felt 
through the needle (n = 2), arterial puncture (n = 4), 
and contacting the first rib with the needle (n = 3). 
The intercostobrachial nerve was anesthetized with 
another 5 ml of the lidocaine solution injected subcu- 
taneously. 

Patients were examined in the perioperative pe- 
riod for clinical evidence of pneumothorax. During a 
postoperative interview, questions concerning com- 
fort during performance of the block and subsequent 
quality of surgical anesthesia were asked to assess 
overall patient satisfaction. 


Results 


The first rib was readily palpated in all patients. In 
the three patients in whom first rib needle contact 
was sought, the needle was placed directly on the rib 
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Figure 4. Index and long fingers defining the margins of the first 
rib. 


on the first attempt. There were no anesthetic fail- 
ures. The ulnar nerve was incompletely anesthetized 
10 minutes following the block in two patients and 
was successfully blocked at the elbow. No patient 
complained of shortness of breath or showed any 
evidence of pneumothorax. However, we cannot 
exclude the possibility of subclinical pneumothorax, 
as chest radiographs were not performed in all pa- 
tients. Horner’s syndrome was apparent on the ipsi- 
lateral side in all patients. There were no other 
complications and patient satisfaction was excellent. 


Discussion 


Previous descriptions (3) of supraclavicular brachial 
plexus block all describe placing the needle at an 
arbitrary point on the skin and then contacting the 
first rib with the needle. This involves a certain 
amount of guesswork. If the anesthetist guesses 
wrong, either through inexperience or because of 
anatomic variability, the needle may inadvertently 
contact the dome of the lung resulting in a pneumo- 
thorax. This relatively common problem has been 
noted to occur in up to 5% of cases (1). We describe a 
new technique that positively locates the first rib by 
palpation prior to needle insertion and takes the 
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Figure 5. Needle placement for supraclavicular brachial plexus 
block. The needle is placed between the fingertips, perpendicular 
to the skin in all planes. 


guesswork out of the procedure. Our experience with 
28 patients and many test subjects confirms that this 
landmark may be readily palpated in all but the most 
morbidly obese. The first rib, serving as a safety 
“backstop” to prevent lung injury, also defines the 
posterior border of the compartment containing the 
brachial plexus at the level of the clavicle. Also, if one 
introduces the needle at the lateral border of the first 
rib, and the tip is deeper than the subcutaneous 
tissue, it should be in the proper compartment. This 
makes the block particularly easy to teach and mas- 
ter: 

The advantages of supraclavicular block are many. 
The brachial plexus is most compact at the level o= the 
three trunks and has minimal fascial subcompart- 
mentalization. This factor allows rapid onset and 
more complete spread of anesthesia so that the entire 
plexus, including axillary and musculocutaneous 
nerves, are readily blocked. The technique can be 
performed with the arm in virtually any pos:tion 
without affecting the spread of local anesthetic (1), 
which is particularly advantageous when ability to 
abduct the arm is limited, such as by pain secondary 
to traumatic injury or mechanical interference from 
orthopedic fixation devices. 


CLINICAL REPORTS 


Disadvantages of the block, as classically described 
(3), include difficulty of mastering the technique and 
an often unacceptably high incidence of pneumotho- 
rax (1). These problems account for the limited pop- 
ularity of the procedure. Other complications include 
phrenic nerve block (40-60%) and Horner's syn- 
drome (70-90%) (1). The high incidence of phrenic 
nerve block dictates that the primary contraindication 
to supraclavicular block is respiratory insufficiency. 
Bilateral supraclavicular blocks should not be per- 
formed on any patient to avoid the risk of bilateral 
phrenic nerve paralysis. 

Palpation of the first rib is similar in sensation to 
palpation of Chassaignac’s tubercle (transverse pro- 
cess of C6), a landmark for stellate ganglion block (4). 
The rib lies under several centimeters of soft tissue in 
the supraclavicular fossa, yet may be reliably defined 
with practice. The medial border of the first rib is 
most superficial and often easier to palpate than the 
deeper, lateral border. The technique of first rib 
location may be best learned by beginning palpation 
on slender subjects. Those who have attempted to 
learn this technique have, in short time, been able to 
locate the first rib rapidly and with confidence. After 
the margins of the rib are defined between index and 
long fingers, the plexus is readily located between the 
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fingertips, 2-3 cm deep in the skin, usually on the 
lateral aspect of the rib, lateral to the subclavian 
artery that is often palpable (Fig. 2). Although this 
study does not exclude the possibility of lung injury, 
with definite identification of the first rib, one should 
be able to seek paresthesias with a reduced risk of 
pneumothorax. 

In summary, we describe palpation of the first rib 
as the primary landmark in performing supraclavic- 
ular brachial plexus blockade. Our experience, re- 
ported here, demonstrates that this technique has 
advantages over those previously described in that it 
is simple, reliable, and may reduce the potential of 
pneumothorax. 
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Gynecologists use Hyskon® (32% dextran-70, Hys- 
kon Division, Pharmacia, Piscataway, New Jersey) to 
improve visualization during diagnostic and thera- 
peutic hysteroscopy. Zbella et al. (1) reported a case 
of pulmonary edema and coagulopathy, and Leake et 
al. (2) reported two cases of noncardiogenic pulmo- 
nary edema without coagulopathy associated with 
the use of Hyskon®. Because these reports appeared 
in a journal not generally read by anesthesiologists, 
and since anesthesiologists are likely to be the first 
physicians to observe this complication in practice, 
we report the following case. 


Case Report 


A 46-year-old, 47-kg, 153-cm woman with treated 
hypothyroidism, asymptomatic mitral valve pro- 
lapse, and allergy to iodine presented for hystero- 
scopic laser myomectomy. Preoperative physical ex- 
amination revealed no heart murmur and the lungs 
were clear. The serum electrolytes and blood urea 
nitrogen (BUN) levels, urinalysis, chest radiograph, 
and electrocardiogram were within normal limits. 
The hematocrit was 41.2%. 

After premedication with 5 mg of diazepam, anes- 
thesia was induced with 100 ug of fentanyl and 200 
mg of thiopental. Atraumatic orotracheal intubation 
was performed with a 6.5-mm cuffed tube facilitated 
by 80 mg of succinylcholine. Anesthesia employing 
controlled mechanical ventilation (rate 8 per minute, 
TV 600 ml) throughout surgery was maintained with 
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67% N20, 33% Oy, and 0.2 to 0.6% inspired iso- 
flurane; muscle relaxation was provided by a total of 
35 mg of atracurium. 

Surgery employing simultaneous hysteroscopy 
and laparoscopy was uneventful for the first 90 
minutes. At that time, peak airway pressure in- 
creased from 32 to 40 cm H,O, followed within 5 
minutes by a decrease in arterial saturation deter- 
mined by pulse oximetry from 99% at an F,O, of 0.30 
to 96% at an F,O, of 0.50, and simultaneous appear- 
ance of 50 ml of bloody sputum in the tracheal tube. 
There was no change in heart rate and blood pres- 
sure, but auscultation of the lung fields revealed 
bilateral coarse rales. Furosemide (20 mg) was given 
and repeated in 5 minutes, with no effect on urine 
output through a newly inserted Foley catheter. The 
surgical procedure was terminated. The patient 
awakened in the operating room and the tracheal 
tube was removed. Fluids given included 650 ml of 
intravenous crystalloid and 900 ml of intrauterine 
Hyskon®. Blood loss was 250 ml and urine output 
was 50 ml. 

In the recovery room, an additional 100 mg of 
furosemide was given, but still without diuresis. 
Physical examination revealed bilateral coarse rales 
throughout both lungs, no jugular venous distension 
in the 30° head-up position, and no heart murmur or 
gallop. Chest x-ray study showed a normal heart size 
and bilateral alveolar pulmonary edema. Copious but 
unmeasured blood loss per vagina was noted. The 
hematocrit decreased to 23%, presumably because of 
the vaginal bleeding. Prothrombin time was 13.5/12.1 
seconds, partial thromboplastin time (PTT) 53.1/29.9 
seconds, thrombin time 13.3 seconds, fibrinogen 
level 107 mg/dl, fibrin split products <10 ug/ml, and 
platelet count 69,000/mm°. An arterial blood sample 
had a pH of 7.36, PCO, of 36 mm Hg, and PO, of 68 
mm Hg while the patient breathed >60% O, by face 
mask. The PO, gradually increased to 117 mm Hg, 
with an F,O, of 0.5 before discharge to the intensive 
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care unit 4 hours later. Two units of fresh frozen 
plasma were administered, on the advice of a he- 
matology consultant, to correct the PTT. Hemop- 
tysis, coagulopathy, and vaginal bleeding eventually 
ceased. 

While in the intensive care unit, the patient con- 
tinued to cough up bloody sputum for several hours. 
Oxygenation and urinary output gradually im- 
proved, and she was discharged from the hospital 6 
days later with a normal coagulation profile and a 
hematocrit of 24%. We believe that the decrease in 
hematocrit was due to the vaginal bleeding on the 
day of surgery rather than hemolysis, since the 
postoperative LDH level was 100 units/liter (normal 
94 to 200). 


Discussion 

Lukascko (3) stated that volumes of Hyskon® >500 
ml given intravenously may cause pulmonary edema 
by plasma volume expansion. Because of its osmotic 
properties, every 100 ml is expected to expand the 
plasma volume by 860 ml (3). Cleary et al. (4) ob- 
served clinical ascites 2 days after intraperitoneal 
instillation of 250 ml of Hyskon®, but no dextran was 
found in serum for the first 24 hours. 

We believe that noncardiogenic pulmonary edema 
developed in this patient based on her negative 
cardiac history, the volumes and types of fluids given 
intraoperatively, the findings of postoperative phys- 
ical examination, the lack of response to furosemide, 
normal serum levels of cardiac enzymes postopera- 
tively, a normal postoperative electrocardiogram, and 
concurrent large blood loss per vagina. Noncardio- 
genic pulmonary edema is probably a result of a 
direct toxic effect on the pulmonary capillaries follow- 
ing intravascular absorption of Hyskon®. The mech- 
anism is similar to the drug-induced noncardiogenic 
pulmonary edema reported with methadone, heroin, 
propoxyphene, salicylates, and dextran-40 (1,6). Flu- 
id overload cannot be ruled out because invasive 
monitoring was not performed as a result of the 
patient’s coagulopathy and steadily improving pul- 
monary condition. It is possible but unproven that 
the significant vaginal blood loss served as inadver- 
tent treatment for Hyskon®-induced fluid overload. 

Dextrans have been associated with various clini- 
cal and laboratory abnormalities. Dextran-40 can 


cause factitious elevations in blood glucose, errors in 
blood cross-matching, decreased platelet adhesive- 
ness, renal failure, and decreased plasma levels of 
fibrinogen and factors V, VIII, and IX (5). Dextran-40 
has also been shown to cause noncardiogenic pulmo- 
nary edema (6). An anaphylactoid reaction as a cause 
of noncardiogenic pulmonary edema seems unlikely 
in our patient in the absence of laryngeal edema, 
urticaria, and hypotension. 

Forty-two cases of laser hysteroscopy had been 
studied at our institution before this case. Hyskon® 
was used in only 22 of them, but in all of the last 16. 
The mean dose + standard deviation was 480 + 236 
ml. None of the other patients developed alveolar 
pulmonary edema, but one patient given 600 ml 
Hyskon® developed postoperative hypoxia requiring 
supplemental oxygen, and three other patients were 
given furosemide prophylactically to induce diuresis 
to avoid fluid overload. 

In summary, we report a case of coagulopathy and 
pulmonary edema, without evidence of allergic reac- 
tion, presumed to be secondary to Hyskon® admin- 
istration. Although the effect may have been due to 
fluid overload, we feel the evidence favors direct 
pulmonary ioxicity. In any event, anesthesiologists 
should be zware of the volume of Hyskon® used 
intraoperatively, its potential complications, and the 
fact that some investigators (1,2) recommend that not 
>500 mi be given. 
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Malignant hyperthermia (MH) is a serious and poten- 
tially life-threatening complication associated with 
certain inhalation anesthetics and neuromuscular re- 
laxants. It is an uncommon condition, occurring in 
approximately 1 among 50,000 anesthetics adminis- 
tered to adults and 1 among 15,000 of those admin- 
istered to children (1). The youngest patient previ- 
ously reported to have MH was 3 months of age (2). 
Here, we report on the development of events that 
possibly represented MH in a 7-week-old infant given 
halothane and succinylcholine during induction of 
anesthesia for repair of an inguinal hernia. 


Case Report 


A 7-week-old white male infant weighing 3.9 kg was 
referred to our hospital for critical care management 
after complications associated with anesthetic induc- 
tion at another hospital. 

The patient was admitted to the referring hospital 
on the day prior to surgery. The infant had no prior 
medical problems. He was delivered at 37 weeks’ 
gestational age by uncomplicated cesarean section 
performed for late decelerations from a nuchal cord. 
The patient weighed 2.4 kg at birth and had no 
problems after delivery. Preoperative hemoglobin 
was 11.1 mg%. 

At the referring hospital, the infant was taken to 
the operating room, where a precordial stethoscope 
and monitors of the electrocardiogram, blood pres- 
sure, temperature, and a pulse oximeter were ap- 
plied. Anesthesia was induced with nitrous oxide, 
oxygen, and halothane administered via mask. A 
peripheral intravenous catheter was inserted; 0.04 mg 
of glycopyrolate and then 4 mg/kg of succinylcholine 
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as a bolus were administered to facilitate intubation. 
The patient immediately became gray, developed 
rigidity of his extremities, and was difficult to venti- 
late because of apparent masseter muscle spasm. The 
pulse oximeter indicated rapid arterial oxygen desat- 
uration and the heart rate decreased from 100 to 70 
beats/min. An endotracheal tube was quickly placed 
without difficulty; halothane was discontinued and 
100% oxygen was given, with an immediate increase 
in the oxygen saturation to 100%. Simultaneously, 
the heart rate increased to 130 beats/min and systolic 
blood pressure obtained at that time was 70 mm Hg. 
The muscle rigidity resolved over the next few min- 
utes. Premature ventricular contractions with two 
brief self-limited episodes of ventricular tachycardia 
developed over the next 20 min. The patient's blood 
pressure was adequate throughout this period, and 
no chest massage or pharmacologic cardiovascular 
support was necessary. Dantrolene sodium 4 mg (1 
mg/kg) was administered approximately 30 min after 
succinylcholine had been given. An arterial sample 
obtained 50 min after administration of the succinyl- 
choline revealed a pH of 7.13, a partial pressure of 
carbon dioxide (Paco) of 62 mm Hg, and a partial 
pressure of oxygen (Pao) of 248 mm Hg. Serum 
electrolyte levels also obtained at that time included a 
sodium of 127 mEq/L, a potassium of 6.5 mEq/L, a 
chloride of 102 mEq/L, and a CO, of 26 mEq/L 
(venous plasma CO, combining power). After the 
blood gas data were obtained, 4 mEq of sodium 
bicarbonate was administered. Serum creatine kinase 
(CK) level at this time was later reported to be zero. 
Skin temperature was 96°F (35.5°C) initially and did 
not change during the acute event. The heart rate had 
increased in the hour after the succinylcholine admin- 
istration to 180 to 190 beats/min, and the blood 
pressure had also increased to 110 to 120 mm Hg 
systolic pressure. 

The patient was then moved to the recovery room. 
Vital signs were normal, and he had good muscle 
tone and respiratory function. The endotracheal tube 
was removed. An arterial blood sample obtained at 
this time, approximately 2 hours after the succinyl- 
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choline was administered, showed a pH of 7.31, 
Paco, of 42 mm Hg, and Pao, of 64 mm Hg while the 
patient was being given O, by mask (FiO, 0.4). 
Because the infant’s respiratory rate was 80 to 90 per 
minute, however, the patient was reintubated. In 
light of the residual metabolic acidosis and the small 
dose of dantrolene initially administered, an addi- 
tional 1 mg/kg of dantrolene was given. The patient’s 
skin temperature was still 96°F (35.5°C). He was then 
transferred, accompanied by the referring anesthesi- 
ologist, to our hospital. 

On arrival, approximately 4 hours after the suc- 
cinylcholine was given, the patient had normal vital 
signs, a rectal temperature of 96.1°F (35.6°C), and 
clear lungs. The initial arterial blood sample at our 
institution (FiO, 1.0) had a pH of 7.32, Paco, of 40 
mm Hg, and Pao, of 402 mm Hg. The tracheal tube 
was removed and the patient maintained excellent 
oxygenation and ventilation. Serum electrolyte levels 
obtained shortly after arrival included a sodium of 
133 mEq/L, a potassium of 4.5 mEq/L, a chloride of 
104 mEq/L, and a CO, of 18 mEq/L. Initial serum CK 
level also obtained at that time was 111,200 units/liter, 
with a zero MB fraction. Urinalysis revealed large 
amounts of myoglobinuria. 

The infant was admitted to our pediatric intensive 
care unit. Because of the favorable response to 1 mg/ 
kg of dantrolene given previously, this dose was 
repeated at 6-hour intervals for 24 hours. The patient 
was also given a sodium bicarbonate infusion (0.25 
mEq/kg per hour) to maintain an alkaline urine to 
facilitate myoglobin excretion. Monitoring consisted 
of rectal temperature, electrocardiogram, respira- 
tions, and pulse oximetry, along with frequent mea- 
surement of vital signs. 

The patient’s next 36 hours were uneventful. Se- 
rum electrolyte levels and blood gas tensions re- 
mained normal, and the urine gradually cleared of 
myoglobin. Thirty-six hours after admission, the pa- 
tient’s left lower lung lobe became atelectatic as a 
result of a mucous plug; intubation and ventilatory 
support were required for 48 hours. The patient 
received another 24 hours of dantrolene therapy after 
being intubated as prophylaxis against recrudescence 
of possible MH. 

Serum CK levels never returned to normal during 
the 5-day hospitalization, but stabilized at 5765 to 
6365 units/liter before discharge. Of interest were the 
serum CK-MB fractions, which increased after the 
initial value of zero to a peak of 4.9% (1260 units/liter 
MB, with a total of 25,720 units/liter) 48 hours after 
admission. Echocardiography performed on the sec- 
ond hospital day revealed no wall motion abnormal- 
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ities and normal contractility. There were no arrhyth- 
mias after the initial arrhythmias seen during the 
initial acute 2vent. 

The patient was discharged home on day 6 after 
the initial event, completely recovered except for 
residual elevation of serum CK values. He was sched- 
uled to return to our institution for repair of his 
inguinal hernia. A blood sample obtained 15 days 
after the initial episode had a CK level of 2080 units/ 
liter. The patient’s family has no history of anesthetic 
complications. There is no family history of sudden 
infant deatk syndrome (SIDS) or musculoskeletal 
disease, and this infant is an only child. Both parents 
declined muscle biopsy testing for MH susceptibility. 

The patient returned to our hospital 3 months after 
the episode of possible MH for repair of his inguinal 
hernia. The patient had no problems during that time 
and weighed 6.2 kg. The admission CK value was 
15,000 units-liter, and serum electrolytes were nor- 
mal. 

The patient was brought to the operating room 
with no premedication; dantrolene sodium therapy 
was not instituted. An intravenous cannula was 
placed after che patient had methohexital (30 mg/kg) 
instilled rectally. The patient then received vecuro- 
nium bromide (0.1 mg/kg), sodium thiopental (4 mg/ _ 
kg), and fentanyl citrate (3.5 pg/kg). After muscle 
relaxation was obtained, the patient had an endotra- 
cheal tube placed. The anesthetic was maintained 
with nitrous oxide, oxygen, and fentanyl in a total 
dose of 5 ug/kg. An arterial blood sample obtained 
during the procedure revealed no metabolic acidosis 
and a normal potassium of 4.1 mEq/L. A muscle 
biopsy was obtained from the right quadriceps mus- 
cle during the procedure. At the end of the operation, 
the neuromuscular blockade was reversed with 
neostigmine (0.07 mg/kg), with 0.02 mg/kg of atro- 
pine sulfate also administered. The patient was extu- 
bated after adequate reversal of the neuromuscular 
blockade and after the patient became responsive. 
The patient’s postoperative course was uneventful, 
with no evidence of MH by clinical or laboratory 
examinations. 

The muscle biopsy specimen was examined by 
both light and electron microscopy. The specimen 
had histopathology consistent with Duchenne’s mus- 
cular dystrophy. Our laboratories do not have the 
capacity to perform caffeine contracture testing, and 
our patient’s family had no resources to travel to a 
center where this is available. The patient is now 
living at home with his parents and has no apparent 
problems. 
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Discussion 


This case is unique in that an episode of possible MH 
occurred in a 7-week-old infant, the youngest case yet 
reported. Sewall et al. (3) made a diagnosis of prob- 
able MH in a newborn with muscular rigidity deliv- 
ered by cesarean section, but that infant had no direct 
anesthetic exposure. The youngest case of MH re- 
ported in the literature before this was in a 3- 
month-old Lumbee Indian infant (2). The youngest 
patient previously reported to have Duchenne’s mus- 
cular dystrophy associated with either an anesthetic- 
induced rhabdomyolysis or MH was 21 months of 
age (4). Our patient had.many of the signs of MH 
after administration of halothane and a large dose (4 
mg/kg) of succinylcholine, two known triggering 
agents (5). Gronert et al. (6) state that excessive 
striated muscle depolarization may be a factor in the 
etiology of MH. Although our patient’s episode could 
have occurred with any dose of succinylcholine, the 
reaction may have been exacerbated by the large 
dose. Signs of MH included diffuse muscular rigidity, 
tachycardia, tachyarrhythmias, rapid arterial oxygen 
desaturation, myoglobinuria, and metabolic acidosis 
(7). The infant did not have a temperature increase, 
but this may have been because of the rapid institu- 
tion of dantrolene sodium therapy and the previously 
reported factor of rapid heat loss in an exposed infant 
(8). Also, an increase in temperature is a relatively 
late finding in MH compared with muscular rigidity, 
hypercarbia, and arrhythmias (5). 

During the second anesthetic, the patient had a 
muscle biopsy performed. The muscle biopsy was 
diagnostic for Duchenne’s muscular dystrophy. This 
is not a surprising finding in light of the continued 
elevations of CK. There are many reports in the 
literature of rhabdomyolysis, cardiac dysrhythmias, 
and even death in patients with Duchenne’s muscu- 
lar dystrophy after the administration of succinyl- 
choline (9-12). Most of these episodes of rhabdomy- 
olysis occurred in patients with some clinical signs of 
Duchenne’s muscular dystrophy, whereas our pa- 
tient was and continues to be asymptomatic for 
muscular dystrophy. It is also accepted that there is 
an association between Duchenne’s muscular dystro- 
phy and MH (8,13-15). In our patient, the presence of 
tachyarrhythmias, elevated CK, hyperkalemia, and 
myoglobinuria is consistent with the occurrence of 
either succinylcholine-induced rhabdomyolysis or 
MH. Our patient had an increase in CK to a peak 
>100,000 units/liter. This increase, in light of the 
return to an apparent baseline CK of approximately 
2000 units/liter, is much greater than the 10-fold 
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increase in CK that Ryan (16) has suggested to be 
indicative of MH. The severe metabolic and respira- 
tory acidosis that our patient exhibited are typical of 
MH, but have also been reported previously in a 
patient with Duchenne’s muscular dystrophy during 
a rhabdomyolysis reaction to succinylcholine (9). In 
our patient, cardiovascular instability with hypoper- 
fusion is not an adequate explanation for the meta- 
bolic acidosis because bradycardia was present only 
briefly during the placement of the endotracheal 
tube, the two episodes of ventricular tachycardia 
were brief and self-limited, and the blood pressure 
was either normal or elevated throughout the epi- 
sode. The absence of an increase in temperature also 
is not inconsistent with MH since a lack of increase in 
temperature has been previously reported in several 
children with Duchenne’s muscular dystrophy who 
developed MH (8,13,14). In general, anesthesia for 
patients with Duchenne’s muscular dystrophy is not 
associated with significant problems. Cobham and 
Davis (17) and Richards (18) reported a combined 
total of 161 anesthetics in these patients without 
incident. Given the reports by Brownell et al. (13), 
Kelfer et al. (14), and Wang and Stanley (8) of the 
association between MH and Duchenne’s muscular 
dystrophy, we feel that this patient may have expe- 
rienced an episode of MH; however, we cannot 
completely exclude the possibility that the patient 
had succinylcholine-induced rhabdomyolysis. 
Postoperatively, the patient did well considering 
the rapidity and severity of the presentation of the 
possible MH. An interesting finding was the pres- 
ence of a 5% MB fraction of the CK. The elevated 
CK-MB was not found in the initial CK level, but was 
present in later samples. Mayhew et al. (19) reported 
finding both the MB and BB isoenzymes of CK in the 
serum of a 6-month-old infant after an episode of 
MH. The infant in Mayhew’s report did not have 
muscular dystrophy. Cardiac involvement is com- 
mon in Duchenne’s muscular dystrophy, but usually 
only when the disease has progressed clinically (9). 
This may explain the elevation of the CK-MB 
isoenzyme in our patient. However, the infant in our 
case had no cardiovascular instability after the acute 
episode, and had a normal echocardiogram on the 
second hospital day. The normal echocardiogram and 
enzyme changes indicated that the patient apparently 
had a diffuse myocardial injury unassociated with 
any persistent cardiovascular instability, and which 2 
days after the possible MH reaction had no discern- 
able effect on myocardial contractility. Gronert et al. 
(6) stated that the heart is involved in MH, but 
whether a primary myocardial abnormality is present 
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or whether the heart is secondarily damaged by the 
high circulating levels of catecholamines is unknown. 
The CK-MB levels declined in our patient after peak- 
ing on day 2 after the acute episode, and the CK-BB 
isoenzyme was not detected at any time. 

In our case, the infant had no conditions detected 
preoperatively that are associated with an increased 
risk of MH. The 3-month-old Lumbee Indian infant 
had known congenital mesenchymal tissue abnor- 
malities and muscular skeletal disorders, which have 
been associated with an increased incidence of MH 
(2). Postoperatively, our patient continued to have an 
elevated CK level, and after muscle biopsy was 
diagnosed as having Duchenne’s muscular dystro- 
phy. This elevated CK level was not detected pre- 
operatively because CK levels are not a routine pre- 
operative screening test in pediatric patients in either 
our own or the referring institution. Preoperative CK 
levels have been shown to be of no value as a 
screening test for MH susceptibility (20). This infant’s 
family has no history of muscular dystrophies or 
myopathies or SIDS, the latter of which is consistent 
with recent reports that there is no association be- 
tween MH and SIDS (21). 

In conclusion, we report the unexpected occur- 
rence of a possible episode of MH in a previously 
healthy 7-week-old infant who had no known risk 
factors for the development of MH. He is the young- 
est patient reported in the medical literature to have 
had a probable episode of MH or anesthetic-induced 
rhabdomyolysis. This case emphasizes the need to be 
constantly vigilant for the occurrence of MH in all 
patients, regardless of age. The acute episode devel- 
oped after administration of halothane and succinyl- 
choline, two well-documented triggering agents for 
MH. He then had a rapid recovery trom this event 
after dantrolene sodium therapy. The very large 
increase in his CK level included an increase in the 
serum CK-MB isoenzyme. This increase in the MB 
isoenzyme was not associated with any clinical or 
echocardiographic cardiovascular abnormalities after 
the acute event. The patient then had an uneventful 
anesthetic administered without triggering agents 3 
months after the first occurrence. During this pro- 
cedure, a muscle biopsy was performed and was 
diagnostic for Duchenne’s muscular dystrophy. The 
patient’s family has no history of anesthetic compli- 
cations, musculoskeletal diseases, or SIDS. Although 
rhabdomyolysis must be considered as a possible 
cause of the acute episode in this patient, we feel that 
MH is the most probable explanation in light of the 
severe metabolic and respiratory acidosis that were 
present. 
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There have been several case reports of seizure-like 
activity associated with fentanyl (1-3) and sufentanil 
(4-6) during induction of anesthesia as well as post- 
operatively (7). As yet there have been no reports of 
such activity described with alfentanil. 


Case Report 


A 60-year-old, 70-kg male was scheduled for an L4—5 
laminectomy/discectomy. He had a history of athero- 
sclerotic heart disease with prior myocardial infarc- 
tion in 1981 and stable angina. He also had a history 
of atherosclerotic peripheral vascular disease with 
prior abdominal aortic aneurysm repair in 1982. His 
medications included propranolol, dipyridamole, iso- 
sorbide, and diazepam. He had no prior history of a 
seizure disorder or other neurologic disease. Except 
for a slightly decreased left patellar tendon reflex and 
back tenderness, his physical examination was within 
normal limits. 

The patient was given his usual cardiac medica- 
tions plus, one hour prior to surgery, metoclopra- 
mide 10 mg, ranitidine 150 mg and diazepam 5 mg. 
He also received 1 mg of midazolam iv just prior to 
entering the operating room. He was monitored with 
an EKG, an automated sphygmomanometer, a pre- 
cordial stethoscope, and a pulse oximeter prior to, 
during, and after induction of the anesthesia. Follow- 
ing the preoxygenation, he was given 1500 ug of 
alfentanil (25 ug/kg) over 30 seconds. He developed a 
tremor in the right arm, and then in the left arm, 
followed by coarse jerking movements of both legs. 
The movement became progressively more rhythmic 
and coarse. Then his eyes rolled up and he became 
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unresponsive. The oxygen saturation was 96-97% 
and he continued to breathe up until he lost con- 
sciousness. The shaking movements continued for 
about 30 seconds, at which time he was given 100 mg 
of thiopental and the activity stopped immediately. 
The patient’s lungs were ventilated easily and the 
induction was completed with a total of 50 ug/kg of 
alfentanil, 10 mg vecuronium, and 150 mg thiopental. 
Following the tracheal intubation, anesthesia and 
surgery proceeded without further difficulty. The 
patient was awake and responsive at the end of the 
surgery at which time the tracheal tube was removed. 
On the first postoperative day the patient was noted 
to have a new left facial droop, slurred speech, and 
right-sided weakness. Clinically diagnosed as a left 
cerebral vascular accident, the CT scan of the head 
was unremarkable. Three days postoperatively the 
neurologic deficits were largely resolved. An EEG 
was not obtained. 


Discussion 


The most common cause of seizures in the elderly 
population is cerebrovascular disease (8). Other com- 
mon causes, such as a brain tumor, metabolic disor- 
der, hepatic failure, cerebral infection, electrolyte 
abnormality, and hypoglycemia, were not present in 
our patient. Since most seizures resolve without 
neurologic sequela, one possible explanation for this 
patient’s unfortunate outcome was that he had an 
undetected preexisting cerebral infarct which became 
manifest during the induction of anesthesia, i.e., a 
partial seizure progressed to a generalized seizure, 
and was manifest further postoperatively with focal 
deficits. Another possibility is that this patient's sei- 
zure was complicated by a temporary postictal paral- 
ysis (Todd’s paralysis). Collier and Engelking (9) 
recently described such a case following an inter- 
scalene block with paralysis resolving within 24 
hours. Although uncommon, this condition is well 
recognized in the neurology literature and may be 
due either to focal epileptic discharge leading to local 
vasomotor and/or metabolic changes (10), or to active 
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inhibition of neuronal function (11). In either case, 
given the temporal relationship, alfentanil was the 
most likely stimulus for the ensuing seizure-like 
activity. 

Other drug interactions cannot be excluded as a 
cause for the neurologic response seen in this patient. 
For example, metoclopramide is associated with 
extrapyramidal symptoms (1 in 500) (12), as well as a 
few isolated reports of convulsive seizures, without a 
clear-cut relationship to metoclopramide. The other 
drugs given prior to alfentanil either raise the seizure 
threshold (diazepam and midazolam), or have not 
been reported as convulsants, neither alone nor in 
combination with other drugs. Again, the time course 
favors alfentanil as the most probable stimulus for the 
seizure activity observed in the patient. 

All narcotics have been shown to induce seizures 
in laboratory animals (13,14) when given in high 
doses. The apparent seizures associated with fen- 
tanyl and sufenanil in previous case reports were not 
documented by EEG. Some (15,16) suggest that un- 
modified muscle rigidity commonly seen with narcot- 
ics is mistaken for seizure activity. Indeed, Sebel et al. 
(17) and Bovill, et al. (18) continuously monitored 
EEGs during high dose fentanyl and sufentanil anes- 
thesia and noted no EEG seizure activity, although 
they did note some sharp wave activity of unclear 
etiology. Benthuysen, et al. (19) monitored EEGs and 
EMGs during alfentanil administration and found 
marked rigidity in all muscle groups but no seizure 
activity. This rigidity appears to be centrally mediated 
and can be attenuated with naloxone, with the me- 
chanical difficulties associated with seizures over- 
come with small doses of muscle relaxants. 

Our case report along with several others contain 
aspects that contradict the theory that seizure-like 
movements are simply exaggerated muscle rigidity. 
First, many of the reports, including ours, involved 

relatively small doses of narcotics. Rigidity i is usually 
dose related and only marked at higher doses. Sec- 
ond, our patient responded immediately to a small 
dose of thiopental as did several of the cases reported 
by others. Again, this is more consistent with seizure 
activity, not primary muscle rigidity. Finally, our 
patient developed a neurologic sequela, or a transient 
stroke. Whether this was a cause/effect relationship is 
unknown, but it is inconsistent with muscle rigidity, 
and is very disconcerting. 

In summary, although not documented by EEG, 
we describe a patient who clinically had seizure 
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activity following a small dose of alfentanil not as- 
sociated with hypoxia or hypercarbia. The patient 
suffered an apparent cerebral vascular accident peri- 
operatively. Further investigation into possible nar- 
cotic induced seizure activity is warranted. 
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The physician managing pain in cancer patients 
needs to be able to draw on a large variety of drugs 
and techniques. Reiestad and Strémskag (1) have 
recently introduced the interpleural injection of local 
anesthetics as a technique for managing postopera- 
tive pain in patients undergoing various procedures. 
Subsequently, several studies have appeared in the 
literature which have expanded on that technique. 
All except one (2) have dealt exclusively with patients 
experiencing acute pain of nonmalignant cause in 
postoperative or posttraumatic situations. More im- 
portantly, pleural fibrosis has been suggested as a 
relative contraindication to interpleural analgesia, 
presumably because pleural thickening and fibrosis 
may inhibit the spread of the anesthetic solution and 
result in suboptimal analgesia. Recently, I treated a 
patient with chronic pain due to chest wall metasta- 
ses, who not only had a previous thoracotomy and 
lobectomy, but also widespread postoperative pul- 
monary and pleural fibrosis. 

Previous reports have described only acute short 
term use of an interpleural catheter. The present case 
report demonstrates that interpleural installation of 
local anesthetics can be effective for at least 2 months, 
and also, as will be described, is an efficacious route 
of administration of other analgesics. 


Case Report 


A 58-year-old woman with bronchogenic carcinoma 
metastatic to the right pleural area and contiguous 
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with the chest wall was referred to the Anesthesiol- 
ogy Department for assistance with pain control. She 
had been a heavy smoker with a cough. Carcinoma of 
the right lung was diagnosed 2 years previously, and 
soon thereafter she had a thoracotomy with a right 
upper lobectomy. Treatment since then consisted of 
oral analgesics, progressing to control-release oral 
morphine sulfate (15 mg) every 3 hours and radio- 
therapy to the chest. Although there were numerous 
metastases, those of greatest concern were in the 
right pleura and chest wall, causing unrelenting pain. 
This pain was continuous and exacerbated by any 
movement involving chest wall muscles. Sitting up- 
right was difficult. She could locate the painful region 
to the anterior axillary line at about T4 to T6 of the 
right chest wall, but the site of pain was not discreet 
enough to pinpoint with a finger. If the pain from 
that site were to be relieved, she could possibly sit 
upright at ease and sleep at night. Pain in other areas 
paled in importance compared with that which she 
suffered in her right chest wall. 

Physical examination revealed a small cachectic 
woman guarding against movement. She was fearful 
and dubious of assistance. Her height was 157 cm 
and weight was 38 kg. Rhonchi were audible 
throughout both lungs, and breath sounds were 
diminished slightly on the right. Chest x-ray study 
showed the right chest to be status post-thoracotomy 
with extensive fibrous changes, pleural thickening, 
fluid, and lytic lesions in the right mid-ribs anterolat- 
erally; the left side was clear. 

This patient wanted a limited amount of involve- 
ment and certainly would refuse to return for numer- 
ous follow-ups or repeat procedures. She was ex- 
tremely apprehensive about pain and the attempts 
made to assist her. After reviewing the alternative 
treatments, including continued narcotics with prob- 
able progression to parenteral administration, selec- 
tive ablative intercostal nerve blocks and spinal nar- 
cotics, along with the expected levels of success and 
risk associated with each, we agreed to attempt 
interpleural analgesia. 


LONG-TERM INTERPLEURAL BUPIVACAINE 


With the patient in the left lateral decubitus posi- 
tion and carefully placing her right hand over her 
head, a skin wheal was made in the fifth intercostal 
space posteriorly at the angle of the rib after the skin 
was prepared. Using a 17-gauge Tuohy needle, the 
fifth thoracic rib was walked off superiorly and ad- 
vanced into the pleural space, employing loss of 
Tesistance technique as described by Reiestad and 
Strémskag (1). Ten ml of bupivacaine 0.25% was 
instilled, and a Portex epidural catheter was inserted 
approximately 6 to 7 cm, the needle withdrawn, and 
the catheter secured in place with a nylon suture. 
This was covered with an occlusive plastic dressing 
after applying antibiotic cintment and the catheter 
taped up the back over the shoulder. No attempt was 
made to tunnel the catheter. Pain relief was almost 
immediate, and she was discharged soon after with 
the intention that the catheter would be replaced in a 
few days and tunneled under her skin if the tempo- 
rary one proved successful. The family was given a 
supply of 0.25% bupivacaine along with full service 
instruction concerning care of the catheter, injection 
protocol, and recognition cf side effects. 

The next day she was readmitted by her private 
physician for nausea, vomiting, anorexia, and dehy- 
dration. Local anesthetic toxicity was the initial diag- 
nosis. However, it was soon learned that because she 
felt so good from the interpleural analgesia, she 
abruptly halted her oral morphine. While she was 
hospitalized, the dose of bupivacaine was decreased 
to 2 ml, which still gave adequate relief lasting 4 to 6 
hours. The patient was again discharged with a 
supply of bupivacaine and instructions to continue 
oral morphine. 

An increase in the dose was quickly needed, and 
soon progressed up to 10 ml of 0.25% bupivacaine 
about two to three times per day, usually while 
awake. After 2-1/2 weeks, she was receiving four 
doses per day and after 3 weeks five doses per day 
with decreasing analgesia. Relocation of the catheter, 
accomplished by pulling it back 3 cm, enhanced the 
analgesic effect and the dose needed was diminished 
slightly. As her condition worsened, intravenous 
sites became nearly impossible to procure. Nalbu- 
phine, which she was receiving intravenously for the 
discomfort secondary to metastases elsewhere in her 
body, was instilled through the intrapleural catheter. 
Almost 150 doses of nalbuphine were administered 
by this route over the remaining 5 weeks of her life. 
Not only did this prove to be efficacious, but the same 
dose given intravenously and interpleurally was 
effective. These doses were delivered interpleurally 
by her husband approximately every 4 hours while 
she was awake and in an alternating manner with 
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bupivacaine; the latter was dispensed to specifically 
relieve her right chest wall and pleural pain. The 
nalbuphine was given interpleurally to alleviate the 
discomfort of growing metastases in other separate 
locations. By the end of the fifth week, the patient 
needed 10 ml of 0.25% bupivacaine every 4 hours 
while awaxe, which sufficed until her death after 
7-1/2 weeks of interpleural analgesia. 


Discussicn 

The quality of life of a cancer patient can indeed be 
poor. First, they are told that they may die, but no 
one can tell them when with any certainty. They 
tolerate nausea, lethargy, malaise, depression, and 
last, but nct least, pain. Constantly receiving intrave- 
nous and intramuscular injections, they may donate 
seemingly endless tubes of blood, often to no discern- 
able benefit. Despair and depression soon dominate 
their lives. It behooves us as health providers not 
only to make their remaining time as comfortable as 
possible, but to accomplish that goal simply and 
effectively. 

Although this patient had several metastases, in 
only one érea was pain severe enough to warrant 
direct treatment. Irradiation to her chest helped only 
slightly, ard systemically administered narcotics, al- 
though offering relief for other less painful areas of 
her body, did not significantly affect her chest pain. 
Possible alternative treatments included continued 
narcotic administration with progression to the intra- 
venous route, destruction of two or three intercostal 
nerves (3), or epidural narcotics (4). Neuroablation or 
epidural narcotics could always be employed if the 
attempt at interpleural analgesia failed. This was a 
highly fearful and suspicious patient who we felt 
would only afford us one initial trial and would not 
tolerate side effects. Knowing that epidural morphine 
can initially be associated with respiratory depres- 
sion, pruritus, urinary retention, or nausea and vom- 
iting (5), interpleural analgesia appeared to be the 
first choice for the patient. It would also give her 
opiate receptors a rest in the event that epidural 
narcotics were required in the future for widespread 
pain. 

Pleural fibrosis has been considered to be a relative 
contraindication to interpleural analgesia, both be- 
cause pleural thickening may cause difficulties in 
identifying the pleural space, and the spread of local 
anesthetics in the pleural space may be diminished. 
Also, past failures have been attributed to pleural 
effusion either preventing spread or diluting the 
anesthetic solution. Bruce et al. (6), however, re- 
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ported successful results when administering inter- 
pleural analgesia for postcholecystectomy pain in a 
patient with cystic fibrosis. Pleural pathology, though 
not normally associated with, can be a result of cystic 
fibrosis. The patient in this report had a thoracotomy, 
right upper lobectomy, and chest radiotherapy. She 
had extensive fibrosis and pleural thickening with 
pleural fluid. The latter was minimal and probably 
had an insignificant effect on the potency of the local 
anesthetic. In the presence of such widespread fi- 
brosis and tumor involvement, why the interpleural 
injection was still productive remains unclear. There 
may have been a local pocket formed by the adhe- 
sions, which still allowed the anesthetic solution to 
remain in its desired target area, or the catheter tip 
may have been fortuitously located adjacent to the 
involved intercostal nerves. Alternatively, pleural fi- 
brosis may not significantly affect the quality of the 
block, as was previously thought. More case studies 
are necessary to verify this last possibility. 

Previous reports of the efficacy of interpleural local 
anesthetics have dealt only with relatively short-lived 
pain, usually from postsurgical or post-traumatic 
causes. No catheters were employed for more than 
just a few days. In our case, the same catheter was 
utilized for a full 7-1/2 weeks until the patient’s death. 
She remained free of infection for the duration of the 
catheter’s employment; the insertion site was kept 
clean and dry. This case illustrates that long-term 
commitment to the management of chronic pain can 
be contemplated with an interpleural catheter tech- 
nique. 

Repositioning the catheter when the effect was 
diminishing restored the analgesic efficacy to its orig- 
inal level. This may have occurred for one of two 
reasons. The plastic catheter or the solution may have 
stimulated pleural thickening around it, which could 
have prevented the anesthetic solution from being 
freely distributed about the tip of the catheter. A 
similar experience occurring in the epidural space 
was reported by Coombs et al. (7). Second, it is 
possible that the catheter was simply withdrawn 
closer to the T4-T5 area, its desired target of action. 
Because no autopsy was performed, nor was the 
catheter radiopaque, it was difficult to ascertain 
which of these possibilities was more likely or how 
much each contributed. 

After 5 weeks of interpleural analgesia, when 
obtaining intravenous sites became almost impossi- 
ble, the interpleural catheter was utilized to adminis- 
ter parenteral nalbuphine. Not only was this an 
efficacious method of administration, but the inter- 
pleural dose of nalbuphine appeared as effective as 
the same dose given intravenously. The injection of 


other medications that may be absorbed and effective 
by this route should be explored, particularly when 
peripheral or even central intravenous access be- 
comes difficult to obtain. Because epinephrine, lido- 
caine, and other drugs have been found to be effica- 
cious when administered via endotracheal tubes in 
emergency situations, so might they if given via an 
interpleural catheter. Drugs given in this manner 
may also have the added benefit of reaching the left 
ventricle faster than if injected peripherally. 

When the time came that an average of 4 hours of 
relief was achieved with each injection, the question 
arose as to whether a continuous infusion should be 
instituted, or when epinephrine should be added to 
the bupivacaine. The former was discarded because it 
was felt that the patient might have to lie continu- 
ously in the recumbent position for the anesthetic to 
bathe the T4-T6 intercostal nerves. Epinephrine, ac- 
cording to Denson et al. (8) and our personal experi- 
ence, does not significantly prolong the duration of 
interpleural analgesia. Also, as is occasionally the 
case In many peripheral nerve blocks, absorbed epi- 
nephrine may produce undesirable tachycardia (9) or 
other side effects. Our patient was one who might 
have abandoned an otherwise profitable technique 
with the appearance of one undesirable side effect. 
Besides, she and her family were content with the 4 
to 5 hours of relief as long as there were no signs of 
toxicity and they could reinject freely. 

The improvement in the quality of life for this 
individual was immeasurable. It allowed her to sit up 
again and resume one of her favorite pastimes (knit- 
ting). However, this technique will probably not 
suffice for everyone. The painful lesion must be 
localized to the right or left chest. There should not be 
significant pleural effusion that would decrease the 
efficacy of the interpleural injection or possibly serve 
as a culture medium for infection. Lastly, the patient, 
family, or attending nurses must be willing to con- 
tinue repeated interpleural injections for prolonged 
periods. Possibly a continuous interpleural infusion 
delivered by pump may be beneficial. Aside from the 
well-known side effects to watch for, such as infec- 
tion, anesthetic toxicity, displacement of the catheter, 
and pneumothorax, another potential problem may 
be local tissue reaction around the catheter tip similar 
to what may happen in the epidural space, as noted 
by Waldman et al. (10). If that were to happen, the 
catheter should be withdrawn slightly or reposi- 
tioned in another interspace. 

Interpleural analgesia is certainly efficacious in the 
management of the postoperative pain of breast op- 
erations and renal surgery (1), cholecystectomy (11), 
and thoracotomy (12) and for fractured ribs (13) and 
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chronic pancreatitis (14). Now it appears to be useful 
not only for thoracic pain due to cancer infiltration or 
metastases, but also in patients with pleural fibrosis 
secondary to thoracotomy and lung resection, as was 
not previously thought possible. Where interpleu- 
rally placed catheters were up until now employed 
for only a few days, the same catheter served our 
patient for 7-1/2 weeks. As an added benefit, inter- 
pleural catheters may be useful as an alternate route 
of medication infusion when obtaining intravenous 
access becomes difficult. Although more experience 
with this technique is needed, it appears that ex- 
tended use of interpleural injection of local anesthetic 
solutions is useful and that the possibility of the need 
for chronic administration should not be a deterrent. 


Special thanks to Teresa Carroll for assistance in preparation of this 
report. 
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Letters to the Editor 


Rebreathing Affects Deadspace 
Measurements Using the 
Siemens-Elema 930 CO, Analyzer 


To the Editor: 


Dr. Fletcher presents an excellent discussion of respiratory 
deadspace in anesthetized children with cardiac disease (1). 
However, he does not caution against an error that may 
occur when using the Siemens-Elema 930 CO, analyzer. 
The design of this analyzer is such that it always assumes 
that there is no rebreathing of expired gases (2). The 
inspired gases are taken as the reference against which to 
measure the CO, concentration in the expired gases. If 
rebreathing occurs, the 930 analyzer will indicate that 
end-tidal CO, is lower than it actually is. We observed 
rebreathing measured by mass spectrometry in infants and 
children ventilated with a Siemens-Elema 900-C Servo 
when inspiratory:expiratory ratios (T:E) were 31:3.5 (i.e., 
1:4, 1:5, 1:6) (3). Therefore, if rebreathing occurred in Dr. 
Fletcher’s patients, the PaCO, — Pz-CO, gradient would be 
inaccurate and non-invasive measurement of respiratory 
deadspace would be affected. 


J. Michael Badgwell, mp 
Assistant Professor Anesthesiology and Pediatrics 


James E. Heavner, DVM, PhD 

Professor of Anesthesiology and Physiology 

and Dtrector of Anesthesia Research 

Department of Anesthesiology 

School of Medicine, Texas Tech University Health Sciences Center 
Lubbock, Texas 79430 
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In Response: 


I thank the Editor for the invitation to reply to the com- 
ments of Drs. Badgwell and Heavner concerning my paper 
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(1) on the respiratory deadspace in anesthetized children. It 
is true that, for the sake of simplicity, the paper did not 
mention the rebreathing of expired gases. However, this 
phenomenon was discussed at some length in the previous 
paper (2), to which the reader was referred for methodolog- 
ical details. 

Reference (2) described, in its methods section, two 
validation experiments designed to demonstrate the accu- 
racy of both the Siemens-Elema CO, Analyzer 930 alone, 
and of the on-line computerised system in toto. It was 
shown that, compared to readings obtained at tidal vol- 
umes of 0.5 1, there was an underestimate of about 1% ata 
tidal volume of 200 ml, 2% at 150 ml, 3% at 100 ml, and 5% 
at 50 ml. The CO, analyzer alone and the on-line system 
produced the same magnitude of error, so it was assumed 
that this error stemmed from the design of the CO, ana- 
lyzer. The probable explanation is that the CO, transducer 
takes a new zero during each inspiration. Small inspiratory 
tidal volumes do not totally clear the measuring cuvette of 
CO, during inspiration. “The CO, signal is logarithmic and 
is not linearized until after the new zero is registered. 
Because of this effect, the zero error is grossly out of 
proportion to the number of CO, molecules present” (2). 

In my paper (1), the tidal volume dependent error was 
corrected for in the calculation of Vpphys and PaCO, — 
P7CO,. (It is not necessary for the measurement of 
VpBohr). The smallest tidal volume used in the children 
presented was 50 ml (some children with smaller tidal 
volumes in paper (1) were omitted). Thus the findings 
presented should represent a “best estimate” of deadspace 
values under ideal conditions. As Badgwell and Heavner 
suggest, considerably worse estimates will be obtained 
when less suitable equipment is used, or if no correction is 
applied. 

It is possible to quantify the rebreathing to some extent. 
My colleague Drefeldt observed the primary signal of the 
CO, Analyzer on an oscilloscope. Even at tidal volumes of 
50-100 ml, the CO, signal decreased rapidly during early 
inspiration, later roughly exponentially. It is thus minimal 
at the end of inspiration, when a new zero is taken. We 
know from my colleague Werner's isotope studies similar 
to those performed in adults (3), that the total rebreathed 
volume is equivalent to about 3 ml of endtidal gas. At a 
PerCO- of 5 kPa (38 mm Hg) this gives 0.15 ml CO,. Even 
if this were evenly spread over the whole inspiration it 
would give a PCO, of 0.3 kPa (2 mm Hg) at 50 mi tidal 
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volume and 0.15 kPa (1 mm Hg) at 100 ml. However, since 
the oscilloscope study showed that most of the rebreathed 
CO, is aspirated at the beginning of inspiration, the PCO, 
at the time of the establishment of the new zero will be 
orders of magnitude less. (But as we have seen, this is 
enough to influence the zero somewhat). 

It is interesting to compare the PCO, values measured 
by Badgwell et al. (4) with the above. In their sampling 
system, 240 ml of gas was aspirated per minute to a mass 
spectrometer from the connecting tube. Figure 4 in their 
paper, obtained at a frequency of 28 bpm, tidal volume 48 
ml, shows that PCO, falls only slowly during expiration, 
and reaches a minimum of 3 mm Hg; true zero is not 
reached at any stage. The only reasonable explanation for 
the discrepancy between their results and ours is that mass 
spectrometer sampling from the connecting tube of a pedi- 
atric circuit affects what is being measured. It therefore can- 
not tell us what is going on in an in-line sampling system. 
In other words, the system used by Badgwell et al. is 
probably unsuitable for pediatric anesthesia, and gives 
results which may not be extrapolated to other systems. My 
own feeling is that the known 5% error in measurement at 
tidal volumes of 50 ml with the Siemens-Elema system is 
acceptable in clinical practice: for scientific purposes a 
correction should be applied. One can hope that new 
studies quantifying the performance of other pediatric CO, 
monitoring systems will be published in the near future. 


Roger Fletcher, MD 
University of Lund Hospital 
Department of Anesthesiology 
S-221 85 Lund, Sweden 
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A Modified Stretcher-Lifter Device 
for Transfer of Patients during Extra 


Corporeal Shock Wave Lithotripsy 
(ESWL) 


To the Editor: 


The Dornier HM-3 lithotripter, currently the most com- 
monly employed machine in the United States for fragmen- 
tation of urinary tract stones, requires that patients be 
positioned in a gantry chair and then immersed in a water 
bath. During general anesthesia for lithotripsy, the anes- 
thetized patient is transferred from a stretcher to the gantry 
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Figure 1. The Surgilift Stretcher-Lifter with a volunteer lying on 
the mat which is attached to the frame with straps. The crank- 
handle with the black knob on the right moves the top of the frame 
vertically up or down. 





Figure 2. Photograph showing the black mat with the windows 
where the patient's flank area would lie. 


chair at the beginning, and vice versa at the end of the 
treatment. The sudden lifting movements of the anesthe- 
tized patient places him at risk of impact injury against 
metal parts of the gantry chair or the stretcher. Lifting 
heavy patients in such a manner places ESWL personnel at 
risk of low back strain. To facilitate this transfer without 
manually lifting patients, we use a commercially available 
stretcher-lifter device with a simple modification as de- 
scribed below. 

The Surgilift Stretcher-Lifter (Trans-Aid Corporation, 
Carson, CA 90740, Maximum Capacity 400 Ibs), commonly 
used to transport patients, consists of a metal frame on 
wheels which can be positioned over the operating table or 
the patient’s bed. The patient lies supine on a mat with 
heavy straps sewn criss-cross onto it. The patient's weight 
is supported by these straps which are secured in the 
buckles on the frame. With the mat secured, the frame can 
be raised or lowered using a crank handle, allowing patient 
transport without manual lifting (Fig. 1). 

We modified the mat for ESWL use by cutting out 
windows in the mat in the flank area while leaving the 
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supporting straps intact (Fig. 2). This allows uninterrupted 
propagation of the shock waves to the entry site in the 
flank. The patient is still firmly supported by the heavy 
criss-cross straps, which are carefully kept clear of the 
shock wave entry site. 

Patients anesthetized on a stretcher or a cystoscopy table, 
are transferred to the gantry chair with ease. The stretcher- 
lifter is carefully lowered onto the gantry chair and the straps 
slowly released one at a time as the patient gently settles in 
the gantry chair. The mat stays under the patient during 
lithotripsy. At the end of the procedure, the Surgilift® frame 
is lowered onto the gantry chair as the mat is reattached to it. 
The patient is then gently raised, using the crank handle on 
the Surgilift® and transferred to a stretcher. 

The sudden, jerky movements associated with manual 
lifting of patients are minimized by the use of this device. In 
addition, no heavy lifting is required of the ESWL person- 
nel. We have used it with success in approximately 700 
patients (body weight range 40 kg to 135 kg) undergoing 
ESWL at our institution and find it to be safe, convenient 
and reliable. 


Vinod Malhotra, Mp 

Associate Professor 

Department of Anesthesiology 

The New York Hospital-Cornell Medical Center 
525 East 68th Street 

New York City, NY 10021 








Real-Time Ultrasound Imaging Aids 
Jugular Venipuncture 


To the Editor: 


We were interested in the description by Fukutome at al. (1) 
of subclavian venipuncture using a Doppler probe. Our 
particular interest has been in the cannulation of the 
internal jugular vein (IJV) in difficult situations such as 
subcutaneous emphysema or scarring from previous neck 
surgery. Defalque validated the reliability of the anatomical 
landmarks in the neck for this procedure in normal patients 
(2). Studies have been published supporting the accuracy of 
ultrasonographic anatomy of the IJV but have only de- 
scribed localization (3-6). Cannulation was subsequently 
performed without ultrasonographic aid. Our objective was 
to obtain real-time imaging of the relationships between the 
advancing needle and structures in the neck. 

We found that a small linear array transducer was better 
than larger linear array or small sector scanners with lower 
frequency. Our final choice was a Siemens Sonoline SL2 
iltrasound unit with a 7.5 MHz linear array transducer 
with dynamic focussing. This allowed focussing at different 
depths. The size of the footpad in contact with the skin was 
> X 1.5 cm. This transducer also provided the advantages of 
ntermittent pulsed Doppler permitting detection of clot 
illing the lumen of a vein selected for cannulation. Follow- 
ng skin preparation and gel application, the transducer 
vas placed inside a sterile plastic sheath containing gel. 
(he transducer was applied to the skin and aligned in the 
ransverse axis to the vascular structures just caudad to the 
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Figure 1. Transverse section. Needle puncturing anterior wall of 
IJV. Curved arrows—internal and external carotid arteries. Straight 
arrow—needle. 





Figure 2. Sagittal section. The small arrows show the needle in tae 
soft tissue, as it passes through the anterior vein wall and into the 
lumen of the vein. Large arrows—anterior vein wall. 


skin puncture site. Under real-time visualization, the ad- 
vancing needle could be seen as it passed through the 
tissues of the neck and the vein wall. This imaging indi- 
cated necessary adjustments in the direction and depth of 
the needle to facilitate satisfactory cannulation. Figure 1 
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shows the needle as it punctures the anterior wall of the 
IJV. Figure 2 is a sagittal section of the neck showing the 
needle passing through the anterior vein wall and lying in 
the lumen of the vein. 

This technique provides greater safety in cannulating 
the IJV in patients in whom the usually reliable anatomical 
landmarks are distorted. 


David M. Bond MB, FRCJPC 
Lois K. Champion MD, FRCPC 
Department of Anaesthesia 


R. Nolan MD, FRCJPC 

Department of Radiology 

Queen’s University, Kingston General Hospital 
Kingston, Ontario K7L 2V7 

Canada 
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Suction Catheter to Facilitate Blind 
Nasal Intubation 


To the Editor: 


The letter to the editor from Williamson commenting on an 
article by Baraka and Baraka’s reply (1) bemoaning the 
general decline of skills at blind nasal intubation, struck a 
sympathetic chord. Cases arise in which neither oral laryn- 
goscopic nor fiberoptic intubation are possible. Routine 
maneuvers of nasal intubation have been well described (2). 
As an addition to this field, I have employed a suction 
catheter as a guide to facilitate blind nasal intubation. 

In one case, an 83-year-old female with an hiatal hernia 
and frequent, massive reflux of gastric contents required 
general anesthesia for a gastrostomy. She would not open 
her mouth for examination. Blind nasal intubation repeat- 
edly failed while copious gastric fluid, which would have 
blinded a fiberscope, issued from the endotracheal tube. The 
tip of the tracheal tube was withdrawn into the naso- 
pharynx; through the tube, an ordinary, flexible 14 French 
suction catheter was passed into the trachea. With a few 
twists of the tracheal tube and flexion of the neck, the tube 
followed. 

An 88-year-old male with cervical spondylosis, refusing 
to open his mouth, was scheduled for a gastrostomy. 
Epistaxis began during attempts to apply local anesthetic/ 
vasoconstrictor. Unable to manipulate the head and neck, 
several tries at blind nasal intubation failed. A 14 French 
suction catheter, passed through the tracheal tube, entered 
the trachea and provided a guide for intubation. 
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A 94-year-old female was scheduled for gastrostomy and 
refused to open her mouth for examination. Despite the 
application of a local anesthetic/vasoconstrictor, gentle pas- 
sage of a tracheal tube through either nasal passage was not 
possible. A warmed, lubricated 14 French suction catheter 
through the tracheal tube negotiated the bend into the 
nasopharynx and trachea and provided a guide for the 
passage of the tube. 

Smaller than the endotracheal tube, a suction catheter 
can slip into the trachea, reducing the task to one of timing 
the tube’s passage through the vocal cords, instead of the 
dual challenge of aiming the tube at the glottis while 
simultaneously timing its passage. Additionally, the soft 
catheter can guide a tracheal tube through a tight nasal 
passage, preventing epistaxis and submucosal dissection. 
Ronald M. Meyer, Mp 
Dept. of Anesthesiology 
Columbus Hospital 


Northwestern University Medical School 
Chicago, Illinots 60614 
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Effect of Transparent Adhesive Tape 
on Pulse Oximetry 


To the Editor: 


I read with interest the recent article (1) on the effect of nail 
polish on the performance of pulse oximeters. Further to 
this, and previous work (2,3) on the effects of dyes and 
other colorants, may I describe the investigations I have 
recently carried out on the effect of the presence of trans- 
parent or translucent adhesive tape on pulse oximetry? 

My interest in this was aroused when I noticed two facts 
of theatre life: (a) the oximeter probe is usually placed on 
the arm that does not have the blood pressure (B.P.) cuff on 
it; and (b) the B.P. cuff is usually placed on the arm that 
does not have the intravenous cannula in it. Thus there is 
the possibility that part of the tape holding the cannula in 
place may lie in the path of the infra-red beam of the 
oximeter, especially in children or babies. 

A closed circle re-breathing system was set up using a 
soda-lime absorber, and this was flushed through with air. 
Using this system it was possible to partially desaturate the 
blood of the subject (the author) in a slow and controlled 
manner down to a level of 85%. 

To date, six types of tape have been tested using two 
different makes of pulse oximeter, namely the Kontron 
(Kontron Instruments Ltd., Watford, England), and the 
Novametrix (Medical Systems Inc., Wallingford, Connecti- 
cut, U.S.A.). 

The following adhesive dressings were tested: 


Blenderm (3M) 
Dermilite (3M) 
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Durapore (3M) 

Micropore (3M) 

Bioclusive (sterile) (Johnson and Johnson) 

Opsite (Smith & Nephew Medical Ltd, Hull, England) 


On each test two of each type of oximeter were used. The 
probe from one (the control machine) was placed on a finger 
of the left hand that was untaped. The probe from the other 
oximeter (the test machine) was placed on an untaped finger 
to confirm that the two machines read the same value. The 
subject then rebreathed through the circle system and note 
was taken of any difference in the readings of the two 
machines as the control reading slowly dropped to 85%. 

Another finger of the same hand was enwrapped with 
one layer of tape so that the beam of the test machine 
passed through the tape twice, once on each side of the 
finger, and the subject rebreathed again to allow the arterial 
saturation to fall to 85%. Any difference greater than 1% 
between the readings of the two machines was noted. 

This regimen was repeated using all six types of tape 
and then using both makes of machine. 

Some differences were noticed in the times that the 
reading changed, on the machines (despite being set on the 
same averaging time). This was true even when the test 
machine was on an untaped finger. 

No consistent differences in the readings of the test and 
control machines were seen in any combination of machine 
type or tape. Thus the combinations of tape and machine 
described here appear to be safe to use in the clinical 
setting. It behooves the clinician using an oximeter through 
any other combination of tape and machine to check, either 
by experiment or by consulting the relevant manufacturers, 
that the readings are accurate and reliable at full saturation 
and also at partial saturation. 

M. S. Read, MD 
Anaesthetic Dept. 
University Hospital of Wales 


Heath Park 
Cardiff, CF4 4XW, Wales, U.K. 
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Major Thoracic Incisional Injury: 
Ventilatory Management 


To the Editor: 


A 23-year-old, previously healthy male, weighing about 60 
kg, was admitted after a single 30-cm long machete injury 
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to his right chest wall extending from the right of the 
sternum at the level of T-6 toward the mid axillary line. The 
lung was not visible. He was fully conscious, his pulse rate 
regular at 64 beats/min; his blood pressure was 120/70 mm 
Hg and hemoglobin 10.5 g%. An intercostal drain was 
immediately inserted and was correctly placed as seen by 
the water meniscus in the glass tube in the underwater seal 
bottle moving up and down with respiration. A great deal 
of froth was also noted in the bottle. Twenty minutes later, 
general anesthesia was induced with use of etomidate 
followed by succinylcholine 100 mg, and a left double 
lumen tube was passed into the trachea. The double lumen 
tube was used because of the clinical suspicion of a bron- 
cho-pleural fistula. Initially, both lungs were ventilated, but 
the patient immediately became cyanotic. Therefore, the 
right lumen of the double lumen tube ventilating the right 
lung was occluded by a clamp at the mouth end leaving 
only the left lung to be ventilated. The patient’s color 
improved, and the now in place oximeter showed the 
oxygen saturation to be 92%. An arterial blood sample had 
a PaO, of 11.7 kPa (88 mm Hg). At operation, a large, single 
laceration of the lung, a 15-cm laceration of the diaphragm, 
and a 5-cm laceration of the liver were found. 

The diaphragm was repaired and the lung expanded 
adequately, but there was still considerable froth in the 
chest drain. The chest was closed and the patient trans- 
ferred to the intensive care unit with the double lumen tube 
in situ. In the intensive care unit, both lungs were initially 
ventilated, but because both PaO, and oxygen saturation 
again fell, the left lung only was once again ventilated. 
Oxygen saturation and PaO, returned to normal levels 
within minutes. Chest x-ray film confirmed the correct 
placement of the double lumen tube. The patient remained 
stable throughout the next 10 hours and was extubated the 
next morning. His color was good, and his PaO, was 12.67 
kPa (95 mm Hg) while breathing spontaneously (FIO, 
28%). Three days later, he was sitting up in bed, the chest 
drain removed and the chest x-ray film normal. We do not 
believe that this patient had a broncho-pleural fistula but, 
more likely, had hundreds of secondary and tertiary bron- 
cheoles cut, causing a clinical picture similar to that seen 
with a broncho-pleural fistula. 

We call attention to this case because in a traumatic 
incisional type of injury, cutting through parenchymal 
pulmonary tissue, a situation may result comparable with 
that seen in a patient with a broncho-pleural fistula. In this 
case, however, considerable frothing occurred unlike a case 
in which a broncho-pleural fistula occurs. 


S. Naicker, MB, BCh (NATAL) 

J. G. Brock-Utne, FFA (SA) 

J. Aitchison, FRCS (Ea) 

Departments of Anaesthetics, Physiology, and Surgery 
University of Natal Medical School 

Durban 

South Africa 
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Book Reviews 





Pocket Manual of Anesthesia 
G. Lenz, B. Koller, R. Schorer and W.E. Spoerel. 
Philadelphia: Decker, 1988, 318 pp, $18.50. 


The Pocket Manual of Anesthesia is both conceptually and 
physically designed to be a compendium of “facts, data, 
and knowledge relevant to daily practice in a format which, 
by fitting into the pocket of an operating room gown, 
(makes) it available at work.” The manual was originally 
published in 1985 in German and translated into English in 
1988. With this cosmopolitan background, the manual 
displays many of the advantages and a few of the disad- 
vantages of texts written for foreign audiences. Those 
recommendations and assumptions which are true both to 
German and North American anesthetic practice must be 
nearly universal truths; there are, however, significant 
regional differences in practice and pharmacopeia which 
are evident throughout this book and prevent its uncritical 
acceptance. 

The manual is logically organized into brief, readily 
assimilated chapters on the fundamental topics and skills 
involved in most anesthetics: premedication, arterial and 
venous cannulation, inhalational and injectable anesthet- 
ics, regional anesthesia, etc. There are three chapters which 
come at the end of the text dealing with “Special Situa- 
tions,” “Complications” and ‘Anesthesia-Related Prob- 
lems.” The first is an ambitious, alphabetical treatment of a 
variety of challenges confronted by the anesthesiologist in 
his or her practice, such as diabetes, burns, obstetrics, the 
full stomach etc. Despite its scope, this chapter serves as an 
efficient reminder of the salient issues in managing each of 
these situations. The chapter on complications covers such 
topics as air embolism, difficult intubations, anaphylactic 
and hemolytic reactions, malignant hyperthermia and as- 
piration from both the diagnostic and management stand- 
point. The final chapter, on anesthesia related problems, is 
a by no means exhaustive treatise on anesthesia and 
comorbid conditions, which is useful in those areas which 
it covers, but somewhat capricious in covering hyperkale- 
mia and not hypokalemia. Relatively obscure disease such 
as acromegaly, adrenogenital syndrome and thalassemia 
are mentioned while equally or more common diseases 
such as chronic obstructive pulmonary disease are over- 
looked. 

Many of the tables and diagrams are quite useful and 
extracted unapologetically from the world’s literature. 
There are some inconsistencies in drug dosage recommen- 
dations, wherein some drugs are dosed as for a seventy 
kilogram man: for antihistamines “1 to 2 ampules slowly IV 
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(for allergic reactions),” others are given in mg/kg doses, 
and infusions merit extensive and sometimes confusing 
two part tables. There are many references to drugs un- 
available to or infrequently used by American anesthetists, 
such as propafenon, flunitrazepam and intravenous cloni- 
dine, which are actually tantalizing as some of these drugs 
will certainly find their way into North American practice. 

One specific problem with this manual and perhaps 
with its European derivation lies in certain recommenda- 
tions regarding perioperative and intraoperative manage- 
ment which conflict with American practice. The recom- 
mendation that oral contraceptives be discontinued several 
weeks before surgery to prevent thromboembolism con- 
flicts with common practice in this country, and would, 
undoubtedly, meet with resistance in our patient popula- 
tion. Similarly, enflurane is felt to be contraindicated with 
the simultaneous use of beta blockers for fear of profound 
hypotension, a problem not generally recognized here. 
Presumably these are examples of ways in which European 
management differs from our own, and in no way invali- 
dates such management; but the reader must be cautious in 
accepting all of the authors’ recommendations blindly. 

With the aforementioned reservations, I found The 
Pocket Manual of Anesthesia to be a useful, concise and 
generally informative adjunct to the day to day practice of 
anesthesia—a text any anesthesia resident, nurse anesthe- 
tist or practicing anesthesiologist might want to carry on or 
near his person while in the O.R. The authors are to be 
complimented on their ability to compress the acceptable 
minimum amount of information from this complicated 
field into an easily read, easily carried format. 


C. William Hanson III, MD 

Fellow in Critical Care Medicine 

Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, PA 19104 








Anesthesia in Hepatic and Biliary Tract Disease 
Burnell R. Brown, JR. Philadelphia: FA Davis Co., 1988, 
300 pp, $58.00. 


This book, which comprehensively deals with all aspects of 
the liver from the anesthesiologist’s perspective, fills a void 
in our discipline’s literature. 

The book is somewhat arbitrarily divided into five sec- 
tions: i) Fundamental Principles in which there are chapters 
addressing the anatomy, physiology, circulation and mea- 
surement of liver function; ii) Anesthetic effects on liver 
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circulation and function encompassing four chapters in- 
cluding one on hepatotoxicity; iii) Liver Disease and the 
Anesthesiologist, a catchall section addressing the clinical 
manifestations of liver disease and anesthetic consider- 
ations of the same; jv) Biliary Tract Disease comprising a 
single chapter dealing with physiology, pathophysiology 
and anesthetic management of patients with extrahepatic 
biliary obstruction; and v) a Special Problems section deal- 
ing with postoperative liver dysfunction and the liver 
diseases and anesthetic management which is peculiar to 
the pediatric population. This being a single author book, 
better organization of the wealth of material that is pre- 
sented was expected. For example, it would have made 
more sense to divide the book into Physiology, and Pathol- 
ogy sections and deal with the anesthetic effects and 
implications respectively of these two broad categories. 
This would preclude the inconsistency of placing liver 
circulation and anesthetic effects on hepatic circulation 
material in two separate sections while anesthetic effects on 
drug biotransformation follows more appropriately imme- 
diately after drug biotransformation reactions. 

Within each of the chapters, a list of contents precedes 
the narrative and the author employs tables or “boxes” in 
which to list the most salient facts. These devices should 
prove quite useful as an index and a ready reckoner, 
respectively, for the casual reader. However the pithy 
boxes are sometimes meaningless by themselves, e.g., 
Table 5-4, in which the direction of alteration, perhaps with 
arrows, would transform the data on factors altering he- 
patic blood flow into selfsufficiency. 

The author has his own inimitable style which converts 
bland facts into racy prose. He also colors the text with 
provocative and dogmatic statements which, in my opin- 
ion, is justified based on the author’s stature in this field. A 
number of typographical errors detract from the author's 
efforts and should have been spotted by the editorial 
assistant. 

There are some chapters, notably those on Drug Bio- 
transformation by the Liver, Hepatotoxicity of Inhalation 
Anesthetics and Postoperative Jaundice which are author- 
itative, up to date and very well referenced. These clearly 
reflect the author’s leadership role in these areas. Alas, 
there are others in which the author is not current and it 
shows by the inclusion of a majority of references that are 
15 years or older. Alternatively, the author could have 
solicited the help of another scribe which would have 
compromised the obvious virtues of a single-author tome. 

On balance, I enjoyed reading this book which is so 
obviously a labor of love written by an expert in the field. 
This should be a must in any well-stocked anesthesia 
library whether it be’ in an institution or in a private 
dwelling. 


Mervyn Maze, MD 

Associate Professor, Stanford University 
VA Medical Centér-Palo Alto 
Department of Anesthesiology S278 
Stanford, CA 94305 
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Consciousness, Awareness, and Pain in 
General Anaesthesia 

Edited by M. Rosen and J. N. Lunn, Boston, 
Butterworths, 1987, 195 pp, $34.95. 


Ever since the first demonstration of general anesthesia at 
Massachusetts General Hospital on October 16, 1846, the 
problem of awareness and recall during surgery has been of 
practical and philosophical interest to anesthesiologists. 
The apparent random occurrence of the recall of intraoper- 
ative events has led to many studies attempting to define 
the conditions under which awareness and recall occur. 
Other work has attempted to describe the phenomenology 
of perioperative awareness as well as the postoperative 
sequelae of such events. The medicolegal aspects of ccn- 
sciousness, awareness, and recall have been of more recent 
interest. It has become apparent that here is a spectrum of 
awareness phenomena. These include: responsiveness to 
intraoperative stimulation (surgical and nonsurgical), 
awareness without postoperative recall, actual postopera- 
tive recall, recall that could be elicited under special circum- 
stances such as hypnosis, and recall that manifests itself in 
attitudes, emotions, and behaviors without the apparent 
presence of verbal memory. The problem that has faced the 
clinician has been that of knowing how to identify the 
presence of awareness and recall objectively. The best 
indicators have, until now, been clinical signs. Among the 
most important of these are blood pressure, pulse, sweat- 
ing, and epiphora. The universal use of muscle relaxants 
has sometimes deprived the anesthesiologist of the most 
reliable clinical manifestation of awareness: patient move- 
ment in response to stimulation. Even this sign, of course, 
is only an indication that awareness might be present. 
There are no indicators that predict awareness and recall 
with absolute certainty. 

Consciousness, Awareness, and Pain in General Anes- 
thesia, is the product of a workshop held in Cardiff, Wales 
in June, 1986, In twenty- -three well considered chapters by 
acknowledged experts in the field, the scope of the problem 
is defined and current research is described. Important data 
is presented on the yet nascent efforts to find objective 
physiological concomitants to awareness and recall, At- 
tempts to predict and abort awareness using electromyo- 
graphic and electroencephalographic techniques are de- 
scribed in some detail. The problems faced in attaining 
objective measures of subjective states of consciousness are 
brought into focus and the directions of future research are 


- defined. Medicolegal issues are presented as they affect 


medical practice in both the United Kingdom and the 
United States. 

This volume presents the most complete assessment of 
the problem of awareness and recall that has been pub- 
lished to date. The articles are thought provoking. The 
reader is challenged at every turn to consider the nature of 
consciousness, communication, and the meaning of re- 
membering and awareness as it is reflected in clinical 
practice. 

If there is one shortcoming in this presentation, it is the 
absence of a complete discussion of the psychological 
effects of awareness and recall on the patient. In an appen- 
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dix to this work, Dr. J. M. Evans presents the verbatim 
descriptions of twenty-seven patients who experienced 
awareness and recall. The patients’ descriptions of their 
suffering, uncertainty, and anger are compelling. Much 
more might have been said concerning the psychiatric 
implications of these experiences. Perhaps, if these patients 
had been interviewed by a psychiatrist, additional mean- 
ingful data would have been collected. 

Human behavior, emotion, and cognition are products 
of previous experience. The effects on the lives of people of 
the experience of awareness during surgery are not given 
more than a cursory mention. The problem of what makes 
awareness and recall traumatic is not discussed. Methods 
of treating the patient who has been traumatized by aware- 
ness, either consciously or unconsciously, are not detailed. 
Little consideration is given to those circumstances in 
which the presence of awareness and recall might be 
beneficial. Nor are the effect and meaning of the lack of 
awareness during surgery presented. In the search for 
objectivity the study of the subjective itself is given short- 
shrift. 

The publication of this volume represents an acknowl- 
edgement of how little we really understand about what we 
as anesthesiologists do to patients. It is a noble beginning 
and warrants the attention of all anesthesiologists. In an 
indirect way it exhorts us to consider the interface between 
the technical and the psychological aspects of our work. It 
presents a new pathway of approaching the mind/body 
problem. This volume is necessary reading for any anes- 
thesiologist willing to face how much closer we stand to 
ignorance than to understanding. It intimates the richness 
of the discoveries we have yet to make. 


Frank Guerra, MD 
Associate Clinical Professor 
Anesthesiology and Psychiatry 
University of Colorado 

160 South Monaco Parkway 
Denver, CO 80224 








Controversies in Cardiovascular Anesthesia 


P. Fyman, A. W. Gotta, Boston: Kluwer Academic 
Publishers, 1988, 192 pp, $65.00. 


Much of what's taken for knowledge in medicine is open to 
reasonable doubt. Therefore, physicians often put pen to 
paper with the hope of dispelling these uncertainties. The 
value of books written to stimulate controversy, is that the 
reader must also argue with the authors’ assertions, and he 
likewise is forced to make judgments and develop confi- 
dence in his own critical ability. To this end, “Controversies 
in Cardiovascular Anesthesia” is a successful book. 

Five controversial topics have been chosen by the au- 
thors. The subject, inhalation versus intravenous tech- 
niques for coronary artery bypass grafting, has been de- 
bated ad nauseam for many years. Unfortunately, in this 
book neither side seemed enthusiastically convinced that 
their way is best. Both sides, however, present good 
reviews of the subject. 
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The sections for and against temperature correction of 
blood gases during hypothermia is excellent, and these 
authors speak out strongly for their position. The chapters 
on high versus low flow cardiopulmonary bypass, are 
presented mostly as textbook chapters, rather than as 
arguments for debate. 

The final chapters consider the routine use of the pul- 
monary artery catheter for coronary artery bypass grafting, 
and regional versus general anesthesia for carotid endarter- 
ectomy. Again, the authors hesitate to take a strong stand. 

Overall, the book is quite informative, but it could have 
been enlivened if some of the authors wrote with more 
conviction. 


Carolyn W. Brent, Mp 

Associate Professor of Anesthesia 

Northwestern University Medical School 
Attending Anesthesiologist 

Northwestern Memorial Hospital 

Northwestern University Medical School 
Department of Anesthesia, 303 E. Superior Street 
Passavant 360, Chicago, IL 60611 








Experimental Malignant Hyperthermia 
Charles H. Williams. New York: Springer-Verlag, 1988, 
166 pp, $45.00. 


It is almost 30 years since Denborough published the first 
reports of malignant hyperthermia (MH), yet the under- 
standing of the mechanisms responsible for this hyperme- 
tabolic hyperthermic syndrome remain poorly understood. 

One of the most controversial questions concerns the 
role of the sympathetic nervous system. There is little 
doubt that in the swine model of MH, “fight, fright, or 
flight’’ can initiate an MH episode without anesthetic 
agents. It is also well known that during an MH episode 
plasma catecholamines increase markedly. Lastly, there is 
data from English investigators showing that alpha agon- 
ists (phenylephrine) can trigger an MH episode in suscep- 
tible swine, and that sympathetic nervous system antag- 
onists protect or at least attenuate clinical episodes of MH. 
The conventional viewpoint articulated by Gronert (1) 
states that the involvement of the sympathetic nervous 
system is a secondary phenomenon and that the primary 
abnormality resides in skeletal muscle. Dr. Charles Wil- 
liams, the editor of this book on experimental hyperther- 
mia, has been at the center of this controversy for nearly 
two decades and is one of the leading proponents of the 
hypothesis that a massive release of catecholamines initiate 
the shift in metabolism which eventually results in acceler- 
ated heart production, lactic acidosis, and glycogenolysis. 

The first seven chapters have been written by Dr. 
Williams and associates and serve to present his views on 
the pathophysiology of MH. References to the work of 
those with opposing views are used sparingly, thus a 
reader who is unfamiliar with how strongly Dr. Williams 
feels about the role of the sympathetic nervous system 
could receive a one-sided view of the controversy. 

The majority of the book is well-written and informative, 
but some areas would have benefitted from more aggres- 


. sive editorial work, a better review of the literature, and 
more exact listing of the facts. For example in the chapter 
on plasma catecholamines during MH Dr. Williams’ state- 
ment that “in 1973 the only analytic method available for 
catecholamines was the trihydroxyindole procedure,” is 
incorrect. The enzymatic catechol-O-methyltransferase 
(COMT) assay was developed in the early 1960's by Dr. 
Axelrod and was available in many laboratories in 1973. 
The clinical studies and some of the excellent reviews 
. appear to be the strongest portions of the book, however, 
they compose a small portion of the collection. 

In summary, this book is an interesting review on MH 
by several investigators in the field. It covers a broad 
spectrum of MH topics including studies in man, pig, dog, 
and horse. The existing literature on MH needs a book like 
this with its expression of divergent and controversial ideas 
on the pathogenesis of MH. However, this book is weak- 
éned since these theories are not always presented in 
proper context of the work of others in the field. 
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students, both for general facts and for detailed information 
about the safe and effective parenteral use of hypnotics, 
tranquilizers, anesthetics, and analgesics in performing 
diagnostic or therapeutic procedures. 

The history and evolution of intravenous anesthesia is 
well covered, with additional historical details specific for 
each drug. The various chapters include the history, chem- 
istry, pharmacology, pharmacokinetics and metabolism of 
narcotics, plus chapters on barbiturates, dissociative anes- 
thesia, neuroleptanalgesia and neuroleptanesthesia, the 
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nil‘and alfentanil) including suggestions for clinical appli- 
cations. Ketamine occupies a major place due to its 


significance for use in patients with cardiovascular impair- 


ment, especially in the elderly, patients at high-risk, and 


` emergency situations. 


For anyone interested in the proper use of barbiturates 
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sic and narcotic drugs this volume will be an excellent 
guide. Together with an extensive bibliography, tables, 
figures, and photographs this book should become another 
milestone in anesthesia literature and certainly fulfill its 
aims in making an important and timely contribution to the 
speciality of anesthesiology. 
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Editorials 


Intrathecal Morphine—An Underused Combination for 


Postoperative Pain Management 


Robert K. Stoelting, MD 
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Discovery of opioid receptors in the substantia gela- 
tinosa of the spinal cord has made possible new 
options for the effective management of postopera- 
tive pain (1). Specifically, neuraxial opioids adminis- 
tered by either the lumbar epidural or intrathecal 
route now make it feasible for anesthesiologists to 
offer selected patients a relatively pain free postoper- 
ative course. Although patient controlled analgesia 
and epidural injection of local anesthetics represent 
alternatives to neuraxial opioids, it is my bias that 
treatment with neuraxial opioids should be offered to 
the majority of patients undergoing operative proce- 
dures known to be associated with moderate to 
severe postoperative pain (i.e., thoracoabdominal op- 
erations, orthopedic procedures on major joints). If 
this treatment is accepted by the patient, it is my 
opinion that lumbar intrathecal administration of 
morphine is preferred to the epidural route for injec- 
tion of morphine or any other opioid. 

Intrathecal administration of opioids has the ad- 
vantages of 1) simplicity; 2) reliability; 3) low dose 
requirements; and 4) absence of the need to place a 
catheter into the epidural space. Simplicity and reli- 
ability are assured by the technically easy identifica- 
tion of the subarachnoid space assuring proper place- 
ment of opioids. Dose-felated side effects of opioids 
are minimized by achievement of analgesia with 
intrathecal doses of morphine that are 10 to 16 times 
less than doses required for epidural administration 
(2). Systemic effects from low doses of intrathecal 
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opioids are unlikely, thus improving the predictabil- 
ity of the drug’s pharmacologic effect. Potential risks 
of epidural catheter placement are avoided with in- 
trathecal administration of opioids. In the absence of 
a catheter, however, intrathecal administration is 
limited to a single injection unless a repeat dural 
puncture is performed. 

In contrast to identification of the subarachnoid 
space, confirmation of entrance into the epidural 
space may be equivocal. Equally important, epidural 
administration of opioids is complicated by pharma- 
cokinetic aspects inherent in drugs placed in the 
epidural space. For example, the amount of drug that 
reaches receptors in the spinal cord by diffusion 
across the dura mater will be variably influenced by 
systemic absorption and sequestration into epidural 
fat. Indeed, systemic blood levels of morphine after 
epidural administration may be similar to those fol- 
lowing intramuscular administration and precede 
achievement of therapeutic concentrations in the ce- 
rebrospinal fluid (1). To offset the effects of systemic 
absorption and fat sequestration, the epidural dose of 
opioids is about 10 to 16 times greater than that 
required for subarachnoid injection (2). Since unde- 
sirable side effects of neuraxial opioids are dose- 
related, there is undeniable logic in administering the 
lowest possible dose of opioid; this seems to only be 
predictably possible with intrathecal injection. The 
most important advantage of an epidural technique is 
the ability to repeat a dose of opioid using an epidural 
catheter. It must be remembered, however, that 
catheter insertion may not be a benign procedure, 
and there is no assurance that catheter migration will 
not occur between injections. 

Several studies confirm that the quality and dura- 
tion of analgesia after intrathecal injection of opioids 
equal or exceed those produced by epidural admin- 


istration of morphine (2,4-7). In these same studies, 
evidence of depression of ventilation occurs after 
epidural morphine (5 mg) and not intrathecal mor- 
phine (250 ug) despite the fact that the mean duration 
of analgesia (28 hours for post cesarean section pain) 
produced by the lower dose of morphine exceeds that 
which follows epidural injection (2,4-7). Further- 
more, use of minimal doses of intrathecal opioids 
does not prohibit the injection of small doses of 
systemic opioids such as fentanyl (12.5 to 25 ug 
administered intravenously) should analgesia be in- 
adequate (4). 

Pain relief following thoracotomy requires greater 
morphine doses than the 200 to 250 yg intrathecal 
injections found effective for pain relief following 
cesarean sections. It is likely that intrathecal mor- 
phine doses of 300 to 500 yg will provide adequate 
analgesia in the early postoperative period following 
this type of surgery. Nevertheless, increasing the 
intrathecal morphine dose to 10 wg kg~* has not been 
demonstrated to increase the risk of depression of 
ventilation following thoracotomy (4). 

Intrathecal injection of opioids is conveniently per- 
formed at the time local anesthetic is injected for a 
spinal anesthetic. Alternatively, the injection can be 
performed in the early postoperative period (4). A 
troublesome incidence of postspinal headache has 
not been observed in patients treated with intrathecal 
opioids. Perhaps this reflects use of 25-gauge needles 
in patients less than 50 years of age (4). 

Just as I am convinced there are compelling rea- 
sons to select the intrathecal route over epidural 
administration, I am equally convinced that mor- 
phine is an appropriate selection for neuraxial injec- 
tion. More lipid soluble opioids (i.e., fentanyl, sufen- 
tanil) produce intense but brief (often 6 hours or less) 
analgesia. This short duration of action relative to 
morphine would seem to limit use of these more lipid 
soluble opioids to catheter techniques which permit 
repeated injections (8-10). Epidural administration of 
sufentanil is associated with significant early depres- 
sion of ventilation that most likely reflects combined 
systemic and neuraxial effects (8,9). Clearly, the most 
feared adverse side effect of morphine is delayed 
depression of ventilation presumably reflecting ros- 
tral spread of the opioid to vital medullary centers. 
The relatively poor lipid solubility of morphine (com- 
pared to sufentanil and fentanyl) is likely to result in 
more drug remaining in the cerebrospinal fluid for 
rostral spread (1). Indeed, delayed depression of 
ventilation has been observed following neuraxial 
injection of morphine but not fentanyl (1,10). Never- 
theless, small doses of intrathecal morphine (200 to 
500 ug) have not been associated with an unaccept- 


EDITORIALS 


able incidence of this life-threatening complication 
(4-6). Although close surveillance of adequacy of 
breathing (hourly nursing observation for sedation 
and ventilatory rate, perhaps monitoring with pulse 
oximetry) is mandatory there is increasing recogni- 
tion that low dose neuraxial administration does not 
obligate patients to be observed in an intense moni- 
toring environment (3,5). Awareness of reduced dos- 
age needs in elderly patients or in those receiving 
systemic opioids is very important with respect to 
modifying doses of neuraxial opioids (11). 

A possible and unique advantage of morphine is 
its propensity to diffuse from its lumbar site of 
injection to provide pain relief in areas innervated by 
thoracic portions of the spinal cord (1). It is not clear 
if more lipid soluble opioids that avidly attach to the 
spinal cord would diffuse sufficiently to produce the 
same distal effect on the spinal cord. 

In the future, it is possible that nonopioids such as 
clonidine will find a role either alone or in combina- 
tion with neuraxial opioids (12). Depression of venti- 
lation is not a side effect of clonidine-induced analge- 
sia while reduced doses of morphine made possible 
by the synergistic effects of a clonidine-morphine 
combination would also reduce the likely occurrence 
of opioid-induced depression of ventilation (13). 

I believe the demonstrated advantages of intra- 
thecal administration make this the preferable route 
of administration for neuraxial opioids. Adverse side 
effects, especially depression of ventilation, are an 
inherent risk of neuraxial opioids but the precise 
placement of small doses of opioids directly into the 
cerebrospinal fluid should minimize the incidence of 
this complication. My second conclusion is that mor- 
phine is the preferred opioid to inject into the intra- 
thecal space. The duration of analgesia following 
intrathecal injection of morphine often exceeds 24 
hours and additional analgesia, if still required, after 
this time is conveniently provided by patient con- 
trolled analgesia (5,6). In one report, analgesia pro- 
vided by neuraxial opioids was judged superior to 
parenteral administration of opioids only in the first 
24 hours postoperatively (14). 
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The Eighties have been marked by tremendous ad- 
vances in our understanding of the etiology, mecha- 
nisms, and treatment of acute postoperative pain. 
Undeniably, the clinical application of neuraxial 
opioids to our analgesia armamentarium has been 
one of the most rewarding yet evocative issues to be 
debated by anesthesiologists in recent times. In the 
nine years since Wang published his experiences 
using intrathecal morphine for the control of chronic 
pain (1); the literature has been replete with studies 
aimed at identifying the most efficacious yet safe 
method of neuraxial opioid administration. One of 
the most important discoveries was that intrathecal 
morphine can cause delayed respiratory depression 
(2,3). Accordingly, attention shifted to the epidural 
administration of opioids as a means to lessen the risk 
of this dangerous side-effect. The result was that 
most clinical research performed on neuraxial opioids 
became focused on epidural administration by a 
variety of techniques. As experience with the epi- 
dural method of delivery accumulated, it became 
evident that the pain relief afforded by administration 
of opioids by this route is somewhat unpredictable. 
This is because central diffusion of opioids toward the 
spinal cord antinociceptive receptors is hampered by 
both systemic absorption and sequestration in epi- 
dural fat. 

To avoid the vagaries of epidural administration, a 
growing number of anesthesiologists are beginning 
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to advocate the use of intrathecal morphine. Indeed, 
there are those who suggest that perhaps intrathecal 
opioids should be considered the only rational 
method of postoperative pain relief (4). I disagree 
heartily with this view. While the argument in favor 
of greater utilization of intrathecal administration is 
to some extent logical, serious consideration must be 
given to the possibility of greater attendant morbid- 
ity. Virtually all studies comparing the incidence of 
side-effects of epidural to those of intrathecal opioids 
have shown the risks to be greater with the intra- 
thecal route (5,6). At the same time, it has been 
demonstrated that intrathecal doses of morphine 
necessary for pain relief are significantly lower than 
those initially recommended (7,8). As these data are 
confirmed and refined, perhaps in the future such 
relative risks can be contained to a minimum. 

The greatest advantage of using epidural narcotics 
is that they can be given through a catheter. This 
permits individualization of dosage by slow titration 
of opioid to optimum effect, and beyond that either 
repetitive intermittent dosing or continuous infusion 
of the drug allows prolongation of analgesia for many 
hours, if not days. Further, recent studies indicate 
that the epidural infusion of a combination of low- 
dose local anesthetic with an opioid may offer the 
best therapeutic effect while minimizing the risks of 
unwanted side-effects seen when higher doses of 
each of these drugs is given alone. Already the 
combination has been shown to be highly effective 
and safe in certain clinical settings and for certain 
patient categories, notably in upper abdominal, ex- 
tensive intra-abdominal, and thoracic surgical pa- 
tients (9,10). As a bonus, the administration of a local 
anesthetic-morphine combination will obtund the ad- 
verse neuroendocrine and stress responses associ- 
ated with surgery (11). Epidural opioids alone are 
relatively ineffective in blunting these neurohumoral 
responses. 
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A means to unite the benefits of improved efficacy 
of intrathecally placed opioids with the flexibility of 
an in-dwelling epidural catheter may soon be real- 
ized. A dual lumen 18 and 22G epidural-spinal needle 
(E-SP® Neurodelivery Technology Inc., Tempe, Ari- 
zona) allows passage of a 29G spinal needle and 
administration of an intrathecal loading dose of mor- 
phine at the same time that an epidural catheter is 
placed. With the loading dose of morphine readily 
available for interaction with receptors in the substan- 
tia gelatinosa of the spinal cord, a continuous low- 
dose epidural infusion of morphine may then be 
initiated and fine tuned to maintain therapeutic neur- 
axial levels of morphine. One might anticipate that 
use of a very fine gauge needle to perforate the dura, 
together with the tamponade-etfect of a subsequent 
epidural infusion would result in the risk of a post- 
dural puncture headache being exceedingly low. 

While we continue to refine the details of intraspi- 
nal opioid administration for management of postop- 
erative pain, there remains the pressing question of 
risk/benefit ratio. Is the cost of more intensive patient 
surveillance, necessary following intraspinal opioid 
administration, negated by shorter duration of hos- 
pitalization resulting from an accelerated recovery 
course? Should neuraxial opioid use be confined to 
patients undergoing extensive surgical procedures or 
at least to those at low risk of developing respiratory 
depression? With interest in acute pain management 
by anesthesiologists growing daily, these questions 
undoubtedly will be addressed and, hopefully, in the 
near future we may anticipate evolution of pain 
management protocols which not only provide the 
best risk/benefit ratio for the patient but also are 
readily accepted by patients and surgical and nursing 
staff. The now widespread clinical success of patient- 
controlled parenteral analgesia devices has under- 
scored patients’ preference for self-participation, or at 
least some autonomy from exclusive “physician 
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control,” in their choice for postoperative pain relief. 
At this juncture, then, it seems prudent to use the 
entire armamentarium of postoperative pain relief 
modalities available to us and provide individualized 
therapy rather than harness ourselves with a purport- 
edly “best” technique applicable in all situations. 
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The effects of isoflurane, halothane, and fentanyl on cerebral 
blood flow (CBF) and cerebral metabolic rate for oxygen 
(CMRO,) during anesthesia prior to carotid endarterec- 
tomy were compared using the intravenous method of 
133-Xenon CBF determination. Patients, mean (+se) age 
68 + 2, received either isoflurane (N = 16), 0.75% in O, 
and NO, 50:50; halothane (N = 11), 0.5% in O, and 
N,O, 50:50; or fentanyl (N = 10), 5-6 ugikg bolus and 
then 1-2 ug-kg 1h’ infusion in addition to O, and 
NO, 40:60, Measurements were made immediately before 
carotid occlusion. Mean (+se) CBF (ml-100 g~?.min~?) 


Two recent studies have suggested that the choice of 
anesthetic agent for carotid endarterectomy influ- 
ences the incidence of ischemic EEG changes and the 
degree of reduction in cerebral perfusion necessary to 
cause such ischemic EEG changes (1,2). The lower 
blood flow threshold for EEG signs of ischemia ob- 
served with the use of isoflurane may represent a 
relative cerebral protective effect. However, the 
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was 23.9 + 2.1 for isoflurane, 33.8 + 4.8 for halothane, 
and 19.3 + 2.4 for fentanyl. CMRO, (ml. 100 g~?-min—) 
was available from 22 patients and was 1.51 + 0.28 for 
isoflurane (N = 7), 1.45 + 0.24 for halothane (N = 6), and 
1.49 + 0.21 for fentanyl (N = 9). Although CBF was 
greater during halothane than during isoflurane or fentanyl 
anesthesia (p < 0.05), there were no demonstrable differ- 
ences in CMRO, among the 3 agents. We conclude that 
choice of anesthetic agent for cerebrovascular surgery with 
comparable anesthetic regimens should not be made on the 
basis of “metabolic suppression.” During relatively light 
levels of anesthesia, vasoactive properties of anesthetics are 
more important than cerebral metabolic depression with 
respect to effects on the cerebral circulation. 


Key Words: BRAIN, BLOOD rLow—metabolism. 
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mechanism of such a proposed change in threshold is 
unclear at present; differences observed among anes- 
thetic agents may be attributable to differing effects 
on cerebral blood flow (CBF) or different degrees of 
metabolic suppression. The present study was under- 
taken to compare prospectively the effects of three 
anesthetics regimens, including nitrous oxide and 
either isoflurane, halothane or fentanyl, on CBF and 
cerebral metabolic rate for oxygen (CMROQO,). 


Methods 


This protocol was approved by the Institutional Re- 
view Board of Columbia University College of Physi- 
cians and Surgeons and informed consent was ob- 
tained from patients scheduled to undergo elective 
carotid endarterectomy. All patients had symptoms 
referable to transient ischemic attacks. Premedication 
consisted of atropine (0.4 mg/70 kg i.m.) and oral 


CBF AND CMRO, DURING ANESTHESIA 


diazepam (10 mg/70 kg). All patients received 1-2 mg 
of midazolam i.v. during placement of catheters and 
monitoring devices. Monitoring included the use of a 
radial arterial catheter for arterial blood pressure 
transduction, temperature probe, capnography, and 
standard arterial blood gas analysis. Anesthesia was 
induced with thiopental, 4 mg/kg, and tracheal intu- 
bation facilitated by vecuronium 0.1 mg/kg. Patients 
were randomly assigned into one of three groups. 
Group 1 received isoflurane 0.75% in oxygen and 
nitrous oxide 50:50. Group 2 received halothane 0.5% 
in oxygen and nitrous oxide 50:50. Group 3 received 
2.5 mg of droperidol and a bolus of 5-6 yeg/keg of 
fentanyl followed by a continuous infusion of 1-2 
wg-ke~*-h7? in addition to oxygen and nitrous oxide 
40:60. Placement of CBF detectors was done after 
induction. Blood pressure was maintained at or 
slightly above the preoperative level by infusion of 
phenylephrine. Ventilation was controlled to main- 
tain PaCO, at approximately 35 mm Hg. 

After neck dissection and exposure of the jugular 
vein, a catheter was advanced approximately 5 cm 
from the angle of the mandible in a cephalad direc- 
tion under direct vision by the neurosurgeon. This 
maneuver places the catheter tip in the region of the 
ipsilateral jugular bulb. CBF was measured after 
dissection and exposure of the carotid artery. Anes- 
thetic depth remained constant during the period 
when the CBF measurement was taken; at least one 
hour elapsed from the time of induction of anesthe- 
sia. Measurement of CBF began before completion of 
jugular catheter placement in several cases, causing a 
5-10 min temporal difference between the injection of 
the CBF tracer and jugular venous sampling. Surgical 
and anesthetic conditions remained constant during 
this period. Jugular venous and systemic arterial 
blood were sampled simultaneously for determina- 
tion of cerebral arteriovenous oxygen content differ- 
ence. 

The CBF device, the Novo Cerebrograph 10a®* 
(Novo Diagnostic Systems, Bagsvaerd, Denmark) is a 
self-contained data collection system with 10 Na-I 
detectors encased in cylindrical lead collimators (3). 
The middle cerebral artery territory over each hemi- 
sphere was covered by 5 detectors. The channel 
analyzer window width was set to include the 81-KeV 
photo peak of 133-Xenon. Approximately 20 mCi of 
133-Xenon in sterile saline was injected intravenously 
for each CBF measurement, resulting in peak count 
rates between 1000 and 3000 counts per 5-sec interval. 
A small plastic catheter was present in the endotra- 
cheal tube for sampling of end-tidal gas to determine 
tracer activity. The resultant air activity curve was 
used in deconvolution of the head curves and to 
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correct for recirculation of tracer. Clearance was re- 
corded for 11 minutes. For environmental protection, 
exhaled gas from the patient was routed through an 
isolation valve into a xenon trap. Data were trans- 
ferred to a PDP 11/73 computer for visual inspection 
of the individual detector head curves and their 
corresponding curve fits. Schroeder et al. have de- 
scribed the technical reliability of this methodology 
and equipment (3). 

The CBF data are expressed as the Initial Slope 
Index (ISD (4,5). This index reflects flow in both fast 
and slow compartments of the brain, but is weighted 
towards the fast compartment. It is inherently more 
stable than simple gray matter flow (Fg) during 
low-flow conditions. The ISI is derived from a mono- 
exponential fitting performed on a theoretical curve 
constructed for a biexponential solution for the exper- 
imental data (5-7). In our experience, the ISI reliably 
describes hemodynamic changes in both awake (8) 
and anesthetized patients (9,10). The different mod- 
els used for CBF calculation have been compared and 
discussed in detail elsewhere (11). 

The pO, was determined using a standard blood 
gas analyzer (Instrumentation Laboratory 1303), 
with the oxygen content calculated as: {1.34} {Hb} 
{%Saturation} + {0.003} {pO}. Oxygen saturation 
was derived from the nomograms described by Kel- 
man and Nunn (12). The product of arteriovenous 
differences of oxygen content and global mean of the 
10 CBF detectors was used to calculate CMRO, as 
described previously (13). 

Patients were categorized into four pre-operative 
risk groups using the grading system described by 
Sundt et al. (14) based upon angiographic findings, 
neurological status, and general health. Grade 1 
includes patients under age 70 without significant 
medical or neurological risks. Grade 2 includes pa- 
tients with angiographic risk factors such as contra- 
lateral carotid occlusion, long plaque or co-existing 
siphon stenosis. Grade 3 includes patients with 
symptomatic medical disease, such coronary artery or 
chronic obstructive pulmonary disease. Grade 4 in- 
cludes patients that are neurologically unstable, with 
or without angiographic and medical risk factors. 

To maximize statistical reliability and power in the 
testing of the overall effects of anesthetics, the mean 
of the 10 CBF detectors covering both MCA supply 
territories was taken as an index of global CBF (11,15 
18). Although there may be some regional differences 
in perfusion due to underlying occlusive vascular 
disease (19), such variability would be expected to be 
primarily distributed along the major vascular supply 
territories. Further, although small infarcts and local 
occlusive disease may interact with the effects of 
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Table 1. Physiological Parameters 


Halothane Isoflurane Fentanyl 
(N = 11) (N = 16) (N = 10) 
Mean arterial pressure 96 +3 96 +3 98 + 6 
(mm Hg) 
Heart rate (bpm) 65+4 70 +3 EF 
PaCO, (mm Hg) 31.8 + 1.1 326412 31.4208 
Hemoglobin (g/dl) 12.2+ 0.6 13.4+0.6 12.9+0.7 
Temperature (°C) 35.5 £03. 35.3 +027 35.7 2.0.27 


“Significantly different from isoflurane, P < 0.05. 


anesthetic agents, such interactions were not the 
focus of this investigation. Data were analyzed using 
analysis of variance (ANOVA). If there were signifi- 
cant differences, post hoc testing was done using the 
Fisher Protected Least Significant Differences test. 
Non-parametric data were compared using contin- 
gency analysis. The threshold for significance was 
taken as P < 0.05. All results are expressed as mean 
+ SE. 


Results 


The sample consisted of 35 patients, mean age 68 + 2 
yrs and mean weight 73 + 3 kg. There were 2 
additional patients enrolled in the study but excluded 
because of an electrical malfunction in the rCBF data 
transfer routine, which was corrected for subsequent 
cases. In 10 cases jugular catheters were not placed. 
Jugular blood was not obtained in 5 cases because of 
technical malfunction in the jugular catheters or an- 
atomical considerations. There was no difference 
among anesthetic groups with respect to weight or 
age. There were 18 females and 17 males, who 
underwent 37 operations (22 right-, 15 left-sided 
operations); 2 patients were operated on twice and 
received different anesthetics during each operation. 
Fifty-four percent were treated hypertensives, 19% 
were diabetic, and 38% carried the diagnosis of 
coronary artery disease. Sixteen cases were anesthe- 
tized with isoflurane, 11 with halothane, and 10 with 
fentanyl. Classification of cases into the risk groups 
(14) was as follows: 21 were evaluated as grade 1 or 
grade 2 and considered as low risk, and 16 were 
evaluated as grade 3 or 4 and considered high risk. By 
contingency analysis there was no significant differ- 
ence with respect to the distribution of risk groups to 
different anesthetic groups. 

There were no differences in other physiological 
variables (Table 1) among anesthetic groups, except 
for heart rate (bpm) which was significantly higher 
with isoflurane (70 + 3) than with fentanyl (56 + 3). 
For the entire sample (N = 37), global mean CBF was 
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Figure 1. Mean (+s) cerebral blood flow (CBF) immediately prior 
to carotid occlusion. “Significantly different from halothane, 
P < 0.05. 
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Figure 2. Mean (+se) cerebral metabolic rate for oxygen immedi- 
ately prior to carotid occlusion (CMRO,). No statistically significant 
differences between groups. 


24.7 + 2 ml-100 g~’-min™'. As shown in Fig. 1, CBF 
during halothane anesthesia was significantly greater 
than during fentanyl or isoflurane anesthesia. In the 
subset of patients who had jugular catheters placed 
(N = 22), the mean CMRO, for all groups was 1.51 + 
0.28 ml-100 g~*.-min~' (Fig. 2). The mean CMRO, and 
variance for the 3 different groups were almost iden- 
tical. In this subset, there was no statistically signifi- 
cant difference in CBF among the 3 anesthetic regi- 
mens, although the means were similar to the larger 
group of 37 cases. 

Risk grouping did not significantly influence flow 
or metabolism, although high-risk patients (grades 3 
and 4) consistently had slightly lower CBF and 
CMRO, values than low-risk (grades 1 and 2) pa- 
tients. Those with hypertension and diabetes mellitus 
did not differ from disease-free patients with respect 
to cerebral perfusion and other physiological varia- 
bles. Seventeen patients who received phenylephrine 


CBF AND CMRO, DURING ANESTHESIA 


during CBF determination (up to 40 g/min) did not 
differ in CBF compared to those who did not when 
examined by ANOVA or simple linear regression of 
drug infusion rate against CBF. There was no differ- 
ence among anesthetic groups with respect to the 
amount of phenylephrine administered. 


Discussion 


In this study, we attempted to use equipotent doses 
of halothane, isoflurane and fentanyl in combination 
with NO. For the inhaled agents, the dosage was 
approximately 1.4 MAC correcting for the influence 
of age and considering the additive effect of temper- 
ature (20). It is recognized that there are difficulties in 
comparing intravenous agent dosages to those of 
inhaled agents. In clinical terms, the 3 regimens 
chosen afforded a smooth induction, similar degrees 
of autonomic stability and rapid emergence. 

The results of the present prospective study con- 
firm that halothane is a more potent vasodilator than 
either isoflurane or fentanyl in elderly patients with 
cerebrovascular disease undergoing carotid endarter- 
ectomy in the period immediately before carotid 
occlusion. This observation is in agreement with 
other reports in this patient population (2) and other 
animal and human studies. However, we were un- 
able to demonstrate a difference in CMRO, among 
the three groups of anesthetic agents. Isoflurane is 
clearly a potent metabolic suppressant in both ani- 
mals and in humans (21,22). However, its cerebral 
metabolic effects under relatively light levels of anes- 
thesia in an elderly population with cerebrovascular 
disease, in comparison to narcotic and halothane 
anesthesia, have not been previously reported. It is 
likely that the light level of anesthesia used accounts 
for this metabolic equivalence. Animal studies partly 
support this notion of metabolic equivalence of dif- 
ferent agents in low doses (23). In man, Madsen and 
Cold (24) examined CBF and CMRO, using 133-Xe 
desaturation and AVDO; in patients undergoing cra- 
niotomy for supratentorial tumor. They compared 0.6 
or 1.2 MAC isoflurane and halothane in 67% N,O in 
oxygen. There was no difference in CMRO, between 
agents at either MAC equivalent concentration. The 
relative differences in CBF reported here between 
isoflurane, halothane, and fentanyl are similar to 
other reports in humans (2,25,26). 

Since the means of the CMRO, values are so close, 
a much larger sample size would be necessary to 
demonstrate a statistically significant difference 
among agents. The similarity of the means suggest 
that even if CMRO, could be demonstrated to differ 
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among agents, it is unlikely that the small difference 
would be of clinical relevance. Awake CMRO, is 
approximately 3-3.5 ml-100 g- 'min ' in humans (27) 
and is reduced in elderly patients with cerebrovascu- 
lar disease by roughly 30% (28). Despite mathemati- 
cal correction for the contribution of the extracerebral 
compartments (6), the intravenous method of CBF 
determination and weighted mean blood flow values 
such as the ISI slightly underestimate true brain flow 
(29). This explains, in part, why CMRO) in this study 
appears to be low with regard to the expected reduc- 
tion in CMRO, with this level of anesthesia, as 
compared to animal studies (21). The slight reduction 
in body temperature observed in this study also 
contributes to the relatively low CMRO). The jugular 
blood sampled for determination of arteriovenous 
oxygen content difference represents venous drain- 
age from a somewhat different mixture of cortical and 
deep brain structures than that seen by the cortical 
CBF detector array. However, the mean values ob- 
tained from the hemispheric CBF detectors can be 
considered to be a reasonable approximation of true 
global blood flow (13,21). It is an well-accepted con- 
vention to use hemispheric or global mean CBF from 
multiple detector systems to describe hemodynamic 
effects of both cerebrovascular disease in general and 
the effects of various types of surgical revasculariza- 
tion (15,30,31). However, both the CBF and CMRO; 
must be interpreted cautiously because there may be 
either focal or regional areas in some patients that 
might cause under- or over-estimation of the true 
AVDO, or global CBF. Despite this caveat, all groups 
appeared to be similar clinically with respect to their 
risk grouping and other physiological variables and 
the relative differences between groups using the 
methodology employed should be valid. Use of arte- 
riovenous oxygen differences to estimate CMRO, 
have been useful in other studies to examine the 
cerebral metabolic responses to general anesthetics 
(24,32), head injury (13), and hypothermic cardiopul- 
monary bypass (33-35). 

The quest for true pharmacological protection of 
the brain has remained elusive at best and it remains 
unclear what the basic mechanism of the ideal “pro- 
tective’’ agent should be. There are two general 
theoretical approaches to explain salutary effects ob- 
served with putative cerebral protective agents. For 
the purposes of discussion, we will refer to these two 
paradigms as “supply/demand” and “cellular” mech- 
anisms. Cellular mechanisms would include specific 
actions such as calcium entry blockade, free radical 
scavenging, or excitatory amino acids antagonists. 
Supply/demand protective agents would favorably 
affect the gross coupling between supply and de- 
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mand in one of two ways (36). The first would be 
suppression of CMRO,. Metabolic suppression of all 
cellular processes is almost certainly the mechanism 
of action for profound hypothermia. Cerebral protec- 
tive properties have been ascribed to isoflurane and 
barbiturates by their ability to decrease CMRO, by 
depression of synaptic transmission; these anesthet- 
ics have no metabolic effect on non-functioning brain, 
i.e., one that has an isoelectric EEG. The second 
mechanism of action of a supply/demand protective 
agent would be to induce a favorable redistribution of 
cerebral blow towards an ischemic focus. 

It has been suggested that isoflurane is a better 
choice than halothane in patients undergoing carotid 
endarterectomy on the basis of a difference in the 
critical CBF for occurrence of ischemic EEG changes 
(2). This conclusion, reached from retrospective hu- 
man studies, has been recently challenged in a pre- 
liminary report of ischemic thresholds in a rat model 
of forebrain ischemia (37). Regardless of an electro- 
physiological “protective” effect in regional ischemia, 
there is no evidence that isoflurane is superior to 
other equipotent anesthesia regimens in the ability to 
improve functional outcome in humans or in animal 
models (2,38,39). | 

There is evidence that anesthetics that are cerebral 
vasodilators are not desirable in the setting of cerebral 
ischemia. The present study and others have demon- 
strated that isoflurane is a less potent cerebral vaso- 
dilator than halothane, at least in the cerebral cortex. 
In a normal brain, greater cerebral vasodilation with 
halothane, relative to isoflurane and fentanyl, could 
theoretically have the potential of diverting blood 
away from an ischemic focus under conditions of 
carotid occlusion or after an embolic event. This is the 
phenomenon of “cerebral steal” and an analogous 
situation has been described during carotid endarter- 
ectomy under relative hypercarbia (40). Assuming 
that the relative electrophysiological protection is due 
to “supply/demand” and not to cellular mechanisms, 
our data support the notion that relative changes in 
CBF are more important factors than pure metabolic 
suppression when comparing the effects of anesthetic 
agents on the cerebral circulation. An intriguing 
question that must await further study is whether 
anesthetic-induced cerebral vasodilation or direct act- 
ing vasodilation (i.e., with carbon dioxide) affect 
outcome from an ischemic insult in a similar manner. 

Strictly on the basis of our results, we can not 
recommend the preferential use of one or the other of 
the anesthetic regimens used in the present study for 
anesthetic management during carotid endarterec- 
tomy. However, the notion that isoflurane is superior 
to other volatile agents or narcotic techniques simply 
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on the basis of its effect on suppressing cerebral 
metabolism is not warranted, if used in the concen- 
trations employed in this study in conjunction with 
N.O. It is important to compare further the cerebral 
effects of narcotic and inhalation anesthetic tech- 
niques used clinically. If there are no differences in 
their relative effects on neurological outcome, either 
clinically or electrophysiologically, then anesthetic 
management can be made more rationally on the 
basis of other cardiovascular considerations. This is 
especially pertinent to the patient undergoing carotid 
endarterectomy because of a very high incidence of 
concomitant coronary arteriosclerotic disease. Fur- 
ther studies must define the impact of anesthetic 
agents on either ischemic flow thresholds and/or 
clinical outcome. If there is no substantive difference 
among clinically relevant anesthetic regimens with 
respect to metabolic suppression, and relative cere- 
bral protective properties are strictly a function of 
their effect on cerebrovascular resistance, then per- 
haps a different approach to selection of anesthetic 
agent could be taken. Anesthetic agents could be 
chosen on the basis of other cardiovascular consider- 
ations, and cerebrovascular resistance could be ma- 
nipulated by other means. 
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HART AP, CAMPORESI EM, SELL TL, CROUGHWELL 
N, SILVA R, JONES RH, MCINTYRE RW, STANLEY TE, 
REVES JG. The effect of nitroglycerin on response to 
tracheal intubation: assessment by radionuclide 
angiography. Anesth Analg 1989;68:718-23. 


The effect of intravenous (IV) nitroglycerin (NTG) on 
perioperative myocardial ischemia as detected by single pass 
radionuclide angiocardiography was studied in 20 patients 
scheduled for elective coronary artery bypass grafting 
(CABG). Ten patients, selected at random, received IV 
NTG 1 ugkg` tmin? (NTG group) and 10 others, IV 
saline (control group). Anesthetic induction consisted of 
midazolam 0.2 mg-kg~", vecuronium 0.1 mg-kg™', and 
50% N-O in O,. ECG leads I, II, and V5 were monitored 
for ST segment changes. Single pass radionuclide angiocar- 
diography (RNA) was performed at 5 times: prior to 
induction, prior to tracheal intubation, and at 1, 3.5, and 6 
min following intubation. The presence of new regional wall 


Prevention of perioperative ischemia is a major goal 
in anesthetizing patients with coronary artery dis- 
ease. The importance of this goal was recently re- 
emphasized by data suggesting an association be- 
tween perioperative ischemia and infarction (1). 
Efforts to avoid ischemia have consisted principally of 
maintaining a hemodynamic milieu compatible with 
a favorable oxygen supply/demand ratio (i.e. avoid- 
ing hypoxia, anemia, tachycardia, and extremes of 
blood pressure). However, the introduction of more 
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motion abnormalities (RWMA) was determined from each 
RNA study as compared with the preinduction measure- 
ment. Apart from one patient in the control group who 
developed a new “v” wave after intubation, there was no 
evidence of ischemia by pulmonary capillary wedge pres- 
sure. No ECG evidence of ischemia was detected in any 
patient. Despite this, new regional wall motion abnormal- 
ities were observed in 3 patients in the control group and 1 
patient in the NTG group. Blood pressure and heart rate 
responses of patients with new RWMA were not signifi- 
cantly different from other patients. The low incidence of 
ischemia in this population precludes a definitive statement 
regarding the efficacy of IV NTG, but the lower incidence of 
RWM<A in the NTG group suggests a protective effect. 


Key Words: HEART, RADIONUCLIDE ANGIOGRAPHY. 
MEASUREMENT TECHNIQUES, RADIONUCLIDE 
ANGIOGRAPHY. INTUBATION, TRACHEAL. 
PHARMACOLOGY, NITROGLYCERIN. 


sensitive monitors of myocardial function reveals that 
ischemia can occur despite a “normal” hemodynamic 
course and a normal ECG (2,3). 

Intravenous nitroglycerin (NTG), well known for 
its beneficial effects in ischemic heart disease, has 
been utilized prophylactically for perioperative isch- 
emia. When evaluated in patients with ischemic coro- 
nary artery disease at a dose of 0.5 ug-kg~*-min™ it 
did not prevent ischemia. A subsequent study has 
shown that 0.5 ug-kg~*-min™* is an inadequate dose 
and that 1.0 wg-kg~!.min™? will prevent ischemia (4,5). 

Previous studies have utilized ECG monitoring as 
the detector of ischemia. It has been shown that 
changes in regional wall motion are more rapid (6) 
and sensitive (7) in detecting ischemia than the ECG. 
However, detection of changes in regional wall mo- 
tion requires baseline studies. We chose to evaluate 
the effectiveness of NTG infusion using radionuclide 
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angiography due to the ease of acquiring baseline 
studies. The studies were centered around the time of 
intubation since ischemia is frequent at this time (8) 
and could be caused in some patients by a sympa- 
thetic mediated coronary artery constriction (9,10). It 
is known that nitroglycerin can alleviate stress- 
induced coronary artery constriction. Our hypothesis 
was that the stress of intubation would provide 
coronary constriction manifested by regional myocar- 
dial ischemia detected by segmental dysfunction. 


Methods 
Patient Population 


Following institutional review board approval and 
written consent, 20 male patients undergoing elective 
coronary artery bypass grafting were enrolled in this 
study. All patients had significant coronary artery 
disease, as defined by obstruction of 75% or greater of 
one or more major coronary arteries. Patients with 
significant valvular disease, those requiring pulsatile 
assist devices, and those requiring intravenous or- 
ganic nitrates prior to randomization were excluded 
from the study. 


Study Design 


All patients received their usual cardiac medications 
on the day of surgery with the exception of oral 
organic nitrates. Premedication was accomplished 
with oral diazepam 0.1 mg-kg~*, morphine sulfate 0.1 
mg-kg~’ IM, and scopolamine 0.2 mg IM. Under local 
anesthesia, radial artery and thermodilution pulmo- 
nary artery catheters were inserted for hemodynamic 
monitoring. Patients were then randomized to either 
the NTG group and received intravenous nitroglyc- 
erin 1 pg-kg~’-min™* or to the control group which 
received saline. Nitroglycerin and saline infusions 
were continued for a minimum of 10 min before 
baseline radionuclide and hemodynamic measure- 
ments were obtained. Additional intravenous fluids 
were given to maintain a pulmonary capillary wedge 
pressure of approximately 15 mm Hg. Radionuclide 
measurements and pulmonary capillary wedge pres- 
sures were obtained at the following times: 1) base- 
line, patients breathing 100% O, by mask, 2) 2 min 
after anesthetic induction, 3) 1 min after tracheal 
intubation, 4) 3.5 min after intubation, and 5) 6 min 
after intubation. Pulmonary and radial artery pres- 
sures and ST segments from ECG leads I, I, and V5 
were monitored and recorded continuously on a 
Surgery 7000 monitor manufactured by Marquette 
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Electronics, Inc. Greater than 1 mm of ST segment 
depression was considered indicative of myocardial 
ischemia. 

Induction of anesthesia was accomplished with 
midazolam 0.2 mg-kg™', vecuronium 0.1 mg-kg™’, 
and 50% N,O in oxygen. Arterial blood gas tensions 
were measured at the beginning and end of the study 
to ensure adequate oxygenation and normocarbia. 


Radionuclide Angiography 


Radionuclide data were acquired using the Scinticor 
portable multicrystal gamma camera (Baird Corpora- 
tion, Bedford, MA). At each study time, the gamma 
camera was placed in the anterior projection approx- 
imately 1 cm above the patient’s chest. A 10 micro 
curie bolus of technetium-99m diethylenetriamine- 
pentaacetic acid ([c-99m DTPA) was injected through 
a catheter in the superior vena cava for each study. To 
minimize cardiac motion due to respiration and 
changes in ventricular filling, all studies were per- 
formed at end-expiration. 

Left ventricular function information was derived 
using computer software initially developed at this 
institution and now incorporated in the Scinticor 
(11,12). End-diastole (ED) and end-systole (ES) were 
automatically defined by the maximum and mini- 
mum radioactive counts, respectively, within a pre- 
liminary left ventricular region of interest. Summa- 
tion of end-diastolic images during visualization of 
the left heart side provided an image of the left 
ventricle at end-diastole. An outline of the left ven- 
tricle was then drawn at the 21% isocount contour. To 
evaluate regional wall motion, the anterior projection 
of the left ventricle was divided into anterolateral, 
inferoapical, and inferobasal regions. Wall motion 
was reviewed by two blinded, experienced observers. 
For each study, wall motion was assessed by viewing 
a cinematic display of decreasing left ventricular 
count within each region. Each region was then 
graded on the following 10-point scale: 1, normal; 2- 
4, mild, moderate, and severe asyneresis; 5-7, mild, 
moderate, and severe akinesis; and 8-10, mild, mod- 
erate, and severe dyskinesis. An increase of 2 or more 
points in a region in consecutive studies was consid- 
ered diagnostic of a new, significant wall motion 
abnormality. Additional hemodynamic variables re- 
corded included HR, MAP, and PCWP. 

Demographic data were compared with an un- 
paired t-test. Hemodynamic data were analyzed us- 
ing repeated measures techniques. The association of 
RWMA with group was tested using a two-way 
contingency table and Fisher's exact test. Data are 
presented as means + standard deviation. 
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Table 1. Demographics 


Control NTG 

Age 54 60 P < 0.05 
Coronary artery disease 

1 Vessel 2 1 NS 

2 Vessel 1 3 NS 

3 Vessel ; 7 6 NS 
Ejection fraction at catheterization 51 50 NS 
Medications 

Beta blockers only 2 Í NS 

Calcium blockers only 1 2 NS 

Beta and calcium blockers 6 7 NS 
Angina class 

NYHA I 3 1 NS 

NYHA II 2 2 NS 

NYHA III 2 3 NS 

NYHA IV 3 4 NS 
Hypertension 5 4 NS 
Myocardial infarction 5 4 NS 


Control, Saline-treated group; NTG, Nitroglycerin-treated group; NS, 
P > 0.05; NYHA; New York Heart Association. 


p 


Results 


A description of the study groups is presented in 
Table 1. With the exception of age, no difference 
between the groups was found. The mean ejection 
fraction was normal in both groups. 

Hemodynamic variables are presented in Table 2. 
There was no difference between the two groups in 
heart rate, mean arterial pressure, or pulmonary 
capillary wedge pressure at any measurement point. 
Heart rate (HR) was unchanged in either group after 
induction with midazolam (Table 2). Heart rate in- 
creased after intubation compared with baseline in 
both groups: from 57 + 16.9 to 69 + 12.1 (P < 0.05) in 
the control group; from 58 + 10.4 to 75 + 15.3 (P < 
0.01) in the NTG group. MAP increased above base- 
line in both groups after intubation. In the control 
group MAP was 89 +18.7 mm Hg at baseline versus 
101 + 20.9 after intubation (P < 0.01). The NTG 
group had a baseline of 88 + 9.7 mm Hg and 100 + 
17.9 after intubation (NS). 

The conventional indicators of ischemia showed 
little evidence of ischemia. ST segment analysis gave 
no indication of ischemia in either group at any study 
point. A new “v” wave (i.e. “v” wave >20 mm Hg) 
was observed in one patient in the control group after 
intubation. Otherwise, no elevation of pulmonary 
capillary wedge pressure suggestive of ischemia oc- 
curred in any patient. 

Despite the lack of conventional indications of 
ischemia, new RWMA were noted in four patients 
after intubation: three patients in the control group, 
and only one in the NTG group. This difference did 
not reach statistical significance. No new RWMA 
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were noted after induction or before intubation. Lo- 
calization of the affected region and the anatomical 
location of abnormal angiographic findings are sum- 
marized in Table 3. 


Discussion 


Perioperative ischemia is a frequent event, occurring 
in up to 50% of patients with coronary artery disease 
(1,8). It has been suggested that perioperative isch- 
emia predisposes to post-operative infarction in pa- 
tients having coronary bypass surgery (1). Although 
ischemia in the prebypass period is not a prerequisite 
for postoperative infarction (4) in cardiac surgical 
patients, development of methods to reduce the 
incidence and severity of ischemia is probably war- 
ranted. 

We chose to study patients at intubation since this 
is a stressful procedure which is typically performed 
in a patient that is lightly anesthetized. This can 
produce a massive release of catecholamines, placing 
the patient with coronary artery disease (CAD) at risk 
for ischemia. Up to 50% of patients with CAD dem- 
onstrate ischemia at intubation (8). The hemody- 
namic responses to intubation that predispose pa- 
tients to ischemia include, amongst others, increases 
in heart rate, mean arterial pressure, and pulmonary 
capillary wedge pressure, and decreased ejection 
fraction (12). These responses are thought to be a 
result of sympathetic nervous system response to 
tracheal intubation. 

Diseased epicardial arteries respond to sympa- 
thetic activation with vasoconstriction (13,14), and 
this vasoconstriction can be abolished by IV NTG 
(15). It has been shown in the setting of catechol- 
amine release that ischemia can be reversed by NTG 
in doses too small to affect global hemodynamics (i.e. 
rate pressure product) but sufficient to reverse vaso- 
constriction (9). This is the basis for our evaluation of 
NTG in the prevention of ischemia during stress of 
intubation. The dose used in this study did not 
significantly alter hemodynamics, but presumably 
altered coronary constriction. We did not, however, 
directly examine coronary vascular resistance nor 
diameter of coronary vessels to document altered 
coronary vasoconstriction. 

Whether nitroglycerin is effective as a prophylactic 
treatment for ischemia in patients with ischemic 
coronary artery disease is controversial (5,8,15,16). In 
their initial work, Coriat et al. studied patients with 
symptomatic coronary artery disease undergoing 
non-cardiac procedures. They reported that an aver- 


age dose of 0.9 ug-kg~’-min™* of NTG was more 
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Table 2. Hemodynamic Data: Heart Rate, Mean Arterial Pressure, and Pulmonary Capillary Wedge Pressure 


Group Variable Baseline 
Control HR mean 57 
STD 16.9 
Map mean 89 
STD 18.7 
PCWP mean 22 
STD 6.0 
NTG HR mean 58 
STD 10.4 
Map mean 88 
STD 9.7 
PCWP mean 21 
STD 3.7 


Ane After intubation 
induction 1 min 3.5 min 6 min 
59 69* 63 60 
11.8 12.1 12.1 12.3 
74* 101+ 86 82 
13.2 20.9 16.2 14.7 
19 21 21 21 
3.4 5.3 5.3 6.5 
60 75+ 7i* 63 
11.1 15.3 16.7 13.2 
71* 100 93 83 
6.2 17.9 17.1 14.2 
17 19 19 12 
4.0 5.2 5.2 3.4 


NTG, nitroglycerin group; HR, heart rate; MAP, mean arterial pressure; PCWP, pulmonary capillary wedge pressure; STD, standard deviation; *, P < 0.05 
different from baseline; +, P < 0.01, different from baseline. Intergroup comparisons demonstrated no significant differences 


Table 3. Correlation of Site of New Regional Wall Motion 
Abnormality to Angiographic Location of Coronary 
Artery Disease 


Percent occlusion of coronary 


Site of arteries by angiography 
Group RWMA LMAIN LAD LCIRC RCA 
NTG Apical 75 0 75 Q 
Control Inferior 0 75 100 100 
Anterior 0 >75 0 0 
Apical inferior 0 100 100 95 


Control, saline-treated; NTG, nitroglycerin-treated group; RWMA, Re- 
gional wall motion abnormality; L MAIN, left main; LAD, left anterior 
descending; L CIRC, left circumflex; RCA, right coronary artery. 


effective at preventing ischemia, determined by 
Holter monitoring, than an infusion of a placebo (17). 
Thomson and colleagues studied NTG at a dose of 0.5 
ug-kg~*-min~' in a double-blinded, randomized 
fashion. They could demonstrate no salutary effect in 
patients undergoing coronary bypass grafting (8). 
Coriat, again studying patients having non-cardiac 
procedures, reported that a dose of 1.0 ug-kg7?-min™' 
of NTG was more effective than 0.5 yg-kg~*-min™ (5). 
The benefit of NTG during non-cardiac surgery was 
again demonstrated by Fusciardi et al. (15). In a 
subsequent communication, Coriat postulated that pa- 
tients with poor left ventricular function would benefit 
most from NTG infusion (18) since NTG is most 
effective in this setting (3). It is interesting that the 
mean ejection fraction of all patients in Thomson's 
study was normal (8). All the patients in our study had 
a normal ejection fraction. Whether prophylactic NTG 
is more effective in patients with compromised left 
ventricular function requires investigation. 

Ischemia can be detected in several ways. Pulmo- 
nary artery pressure monitoring may reveal an eleva- 


tion in wedge pressure (AC wave >15 mm Hg) or the 
appearance of a new “v” wave >20 mm Hg whick 
implies ischemia (19). On the ECG, horizontal o1 
downsloping depression of the ST segments of 0.1 
mV or more for 0.08 sec or longer is the classic sign oi 
ischemia. A decrease in ejection fraction can precede 
angina or ST changes (20). However, changes in 
regional wall motion are considered more sensitive 
than all of the above methods (6,20,21). It has been 
known since 1935 that the heart’s contractile functior 
is exquisitely sensitive to the adequacy of its perfu- 
sion (22). Since then, much work has been performed 
to confirm the concept that monitoring cardiac func. 
tion is among the most sensitive techniques for the 
early diagnosis of ischemia (23). These studies uni- 
formly demonstrate that the development of new 
RWMaA as a result of ischemia always occurs in 
advance of ECG changes, and that this difference ir 
time of onset is most distinct in the more clinically 
prevalent cases of partial coronary flow reduction. 
Therefore, radionuclide angiography should have the 
advantage of this early ischemia detection capability. 
However, it is important to realize that factors othe: 
than ischemia may have an influence on the measure- 
ment of RWMA. Hemodynamic alterations wil 
clearly play a role in affecting overall cardiac function. 
Increases in impedance to ejection may diminisk 
global endocardial wall motion. Enhancement of the 
contractile state will have the opposite effect. Finally, 
motion of the heart as a whole (translation and 
rotation within the thorax) may play a minor role in 
these determinations, although in this qualitative 
analysis, this factor is generally accommodated by the 
experience of the observer. Nonetheless, an ischemic 
event should be evident despite moderate hemody- 
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Hemodynamic parameters which include pulmonary capillary wedge pressure, cardiac output, mixed venous oxygen saturation, 
and clectrocardiogram measurement of S-T segment changes. T = time in minutes. ABG = arterial blood gases. 


Figure 1. Nitroglycerin randomization during endotracheal intubation. 


namic changes, since its effect will be within a specific 
region, while hemodynamic effects are of a global 
character. If new RWMA does reflect ischemia as 
many investigators believe, then a greater sensitivity 
of RWMA for detecting ischemia is demonstrated 
over conventional measures. 

Radionuclide cardioangiography was utilized be- 
cause it provides accurate measures of regional wall 
motion (11,12,24) combined with ease of acquiring 
baseline measurements. This method has not been 
used previously to investigate the protective effect of 
NTG during anesthesia. Two methods are typically 
employed: first pass and equilibrium measurements. 
First pass studies are obtained after an intravenous 
injection of the radiotracer. Since data are obtained 
within 30 sec, transient events may be detected. 
Equilibrium studies are performed after establishing a 
steady-state level of radiation in the circulatory vol- 
ume (e.g. technetium labelled red blood cells). Im- 
ages are recorded over a period of time and coordi- 
nated or “gated” with ECG (25). Both techniques can 
determine end-systolic and end-diastolic areas and 
measure ejection fraction and regional wall motion. 
First pass methods were utilized in this study to more 
rapidly evaluate ventricular responses to stress. In- 
terestingly, the correlation between the location of 
RWMaA and coronary angiography evidence of arte- 
rial disease seen in Table 3 is weak. This is probably 
‘due to the fact that during the determination of 
RWM<A the heart was divided into three large areas 
that do not necessarily correlate with coronary anat- 
omy. 

Midazolam is a safe induction agent for patients 
with coronary artery disease (16); however, induction 
with benzodiazepines is associated with a transient 
sympathetic response (26). A midazolam induction 
causes small decreases in mean aortic pressure, LV 


end-diastolic pressure, cardiac index, and stroke in- 
dex. An increased heart rate (+8%) is typically noted 
with no change in systemic vascular resistance or 
maximum velocity of shortening. These changes are 
not associated with myocardial ischemia as judged by 
the absence of changes in the ECG, myocardial lactate 
extraction, and relaxation time constant (16). Chang- 
es noted in hemodynamics in this study after induc- 
tion with midazolam were consistent with those 
expected with this technique (16). Mean arterial pres- 
sure and pulmonary capillary wedge pressure de- 
creased slightly. However, there was no significant 
increase in heart rate. The induction of anesthesia 
was not associated with ECG evidence of ischemia in 
any patient. All changes in regional wall motion 
occurred after intubation. A moderate increase in 
MAP between baseline and the initial post-intubation 
measurements occurred in both the control and NTG 
groups. The effects of these changes on RWMA are 
not completely predictable since they could have 
resulted from increases in either systemic vascular 
resistance or contractility or both, which would tend 
to offset each other. Moreover, the fact that the wall 
motion abnormalities observed were discreet regional 
events make them more likely to have been of ische- 
mic origin. Previous studies using fentanyl and pan- 
curonium have found a 63% incidence of ischemia 
(5). The incidence of ischemia in this study was only 
30% . Reasons for this low incidence of ischemia using 
midazolam and vecuronium compared with fentanyl 
and pancuronium deserve further investigation. 

At no point in our study was there any indication 
of ischemia on the ECG. Despite this, four patients 
showed new regional. wall motion abnormalities after 
induction. This is consistent with the hypothesis that 
RWMaA are indicators of ischemia not detected by 
ECG, and that NTG provides protection. In the 
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control group three of ten developed RWMA, and in 
the NTG group, one of ten developed RWMA. This 
difference did not reach statistical significance, but 
the trend suggests a beneficial effect of nitroglycerin. 

In conclusion, new wall motion abnormalities oc- 
cur after tracheal intubation in the absence of ECG 
and hemodynamic markers of ischemia. Nitroglyc- 
erin tends to prevent the wall motion abnormalities 
providing presumptive evidence for a sympathetic 
mediated coronary artery constriction mechanism. 
Although these data are suggestive of a protective 
effect by NTG and demonstrate the sensitivity of wall 
motion abnormalities in detecting ischemia, addi- 
tional observations with more direct quantitation of 
motion abnormalities might be necessary to fully 
support this view. 


References 


1. Slogoff S, Keats AS. Does perioperative myocardial ischemia 
lead to postoperative myocardial infarction? Anesthesiology 
1985;62:107—14. 


2. Roizen MF, Beaupre PN, Alpert RA et al. Monitoring with 
two-dimensional transesophageal echocardiography. J Vasc 
Surg 1984;1:300-5. 

3. Smith JS, Cahalan MK, Benefiel DK et al. Intraoperative 
detection of myocardial ischemia in high risk patients: electro- 
cardiography versus two-dimensional transesophageal echo- 
cardiography. Circulation 1985;65:1015~21. 


4. Yousif H, Davies G, Westaby JS, Prendiville OF, Sapsford RN, 
Oakley CM. Preoperative myocardial ischaemia: its relation to 
perioperative infarction. Br Heart J 1987;58:9~14. 


5. Coriat P, Daloz M, Bousseau D, Fusciardi J, Echter E, Viars P. 
Prevention of intraoperative myocardial ischemia during non- 
cardiac surgery with intravenous nitroglycerin. Anesthesiol- 
ogy 1984;61:193—6. 


6. Clements FM, de Bruijn NP. Perioperative evaluation of re- 
gional wall motion by transesophageal two-dimensional echo- 
cardiography. Anesth Analg 1987;66:249—61. 


7. Coriat P, Harari A, Daloz M, Viars P. Clinical predictors of 
intraoperative myocardial ischemia in patients with coronary 
artery disease undergoing noncardiac surgery. Acta Anaesthe- 
siol Scand 1982;26:287-90. 


8. Thomson IR, Mutch WA, Culligan JD. Failure of intravenous 
nitroglycerin to prevent intraoperative myocardial ischemia 
during fentanyl-pancuronium anesthesia. Anesthesiology 
1984;61:385--93. 

9. Brown BG, Lee AB, Bolson EL, Dodge HT. Reflex constriction 
of significant coronary stenosis as a mechanism contributing to 


ischemic left ventricular dysfunction during isometric exercise. 
Circulation 1984;70:18-24. 


10. 


I1. 


I2. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


ANESTH ANALG 723 
1989;68:718-23 


Feigl EO. The paradox of adrenergic coronary vasoconstric- 
tion. Circulation 1987;76:737-45. 


Upton MT, Rerych SK, Newman GE, Bounous EP Jr, Jones 
RH. The reproducibility of radionuclide angiographic measure- 
ments of left ventricular function in normal subjects at rest and 
during exercise. Circulation 1980;62:126-32. 


Giles RW, Berger HJ, Barash PG et al. Continuous monitoring 
of left ventricular performance with the computerized nuclear 
probe during laryngoscopy and intubation before coronary 
artery bypass surgery. Am J Cardiol 1982;50:735—41. 


Brown BG. Response of normal and diseased epicardial coro- 
nary arteries to vasoactive drugs: quantitative arteriographic 
studies. Am J Cardiol 1985;56:E23~9. 


Mudge GH, Grossman W, Mills RM, Lesch M, Braunwald E. 
Reflex increase in coronary vascular resistance in patients with 
ischemic heart disease. N Engl J Med 1976;295:1333-7. 


Gage JE, Hess OM, Murakami T, Ritter M, Grimm J, Krayen- 
buehl HP. Vasoconstriction of stenotic coronary arteries during 
dynamic exercise in patients with classic angina pectoris: 
reversibility by nitroglycerin. Circulation 1986;73:865-76. 


Marty J, Nitenberg A, Blanchet F, Zouioueche $, Desmonts J. 
Effects of midazolam on the coronary circulation in patients 
with coronary artery disease. Anesthesiology 1986;64:206-10. 


Coriat P, Fusciardi J, Daloz M, Harari A, Ducardonet A, Viars 
P. Prevention de l'ischemie myocardique per-operatoire: Em- 
ploi d'une perfusion continue de trinitrial. Ann Fr Anesth 
Reanim 1982;1:47-51. 


Coriat P. Intravenous nitroglycerin dosage to prevent intraop- 
erative myocardial ischemia during noncardiac surgery. Anes- 
thesiology 1986;64:409--10. 


Kaplan JA, Wells PH. Early diagnosis of myocardial ischemia 
using the pulmonary arterial catheter. Anesth Analg 1981;60: 
789-93. 


Upton MT, Rerych SK, Newman GE, Port S, Cobb FR, Jones 
RH. Detecting abnormalities in left ventricular function during 
exercise before angina and ST-segment depression. Circulation 
1980;62:341-9. 

Roizen MF, Beaupre PN, Alpert RA, Kremer P, Cahalan MK, 
Stoney RJ. Monitoring with two-dimensional transesophageal 
echocardiography. J Vasc Surg 1984;1:300-3. 


. Tennant R, Wiggers C. The effect of coronary occlusion on 


myocardial contraction. Am J] Physiol 1935;112:351-41. 


23. Clements F, de Bruijn N. Perioperative evaluation of regional 


24. 


26. 


wall motion by transesophageal..echocardiography. Anesth 
Analg 1987;66:249-61. 


Jones RH, McEwan P, Newmann GE, et al. Accuracy of 
diagnosis of coronary artery disease by radionuclide measure- 
ment of left ventricular function during rest and exercise. 
Circulation 1981;64:586-601. 


. Commin P, Coriat P, Foauchet M, et al. Radionuclide assess- 


ment of cardiac function. Anaesthesia 1984;39:319-23. 


Menkhaus PG, Reves JG, Kissin I, et al. Cardiovascular effects 
of esmolol in anesthetized humans. Anesth Analg 1985;64:327—- 
34. 


724 ANESTH ANALG 
1989;68:724-7 


Comparison of Bupivacaine- and Ropivacaine-Induced Conduction 
Blockade in the Isolated Rabbit Vagus Nerve 


Angela M. Bader, Mp, Sanjay Datta, Mp, Hugh Flanagan, mp, 


and Benjamin G. Covino, MD, PhD 


BADER AM, DATTA S, FLANAGAN H, COVINO BG. 
Comparison of bupivacaine- and ropivacaine-induced 
conduction blockade in the isolated rabbit vagus nerve. 
Anesth Analg 1989;68:724-7. 


Roptoacaine (LEA-103) is a new amino-amide local anes- 
thetic agent the chemical structure and anesthetic properties 
of which are similar to bupivacaine. Preliminary studies in 
animals indicate that the CNS toxicities of ropivacaine and 
bupivacaine are similar, but that ropivacaine may have less 
arrhythmogenic effects than bupivacaine. The current study 
was designed to compare the in vitro potency, onset and 
recovery from block of ropivacaine and bupivacaine using an 
isolated rabbit vagus nerve model. The effect of varying 
concentrations of ropivacaine and bupivacaine on the com- 


The rapid intravascular injection of bupivacaine has 
been associated with the development of ventricular 
arrhythmias and sudden cardiovascular collapse (1- 
3). This has generated interest in the development of 
a local anesthetic agent with potency and duration 
similar to that of bupivacaine but with potentially less 
cardiotoxicity. Ropivacaine (LEA 103, S-(-)-1- 
Propyl-2',6'-pipecoloxylidide hydrochloride mo- 
nohydrate, the propyl homologue of bupivacaine) is a 
new amide local anesthetic, the pKa and plasma 
protein binding properties of which are similar to 
those of bupivacaine, but which is less lipid soluble 
than bupivacaine (4). In addition, ropivacaine is pre- 
pared as the S isomer whereas bupivacaine is a 
racemic mixture. In dogs ropivacaine is slightly less 
potent than bupivacaine in terms of motor blockade 
following epidural and intrathecal administration (5). 
Similar potency in sensory anesthesia has been ob- 
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pound action potential of A and C nerve fibers was assessed 
to determine whether motor and sensory fibers have dif- 
ferent sensitivities to the two agents. The results showed 
that the depressant effect of bupivacaine was 16% greater 
than that of ropivacaine on motor fibers, but only 3% 
greater on sensory fibers. An analysis of variance indicated 
that this was a statistically significant difference (P = 
0.028). Thus, at the concentrations tested, ropivacaine 
appears to produce relatively less blockade of motor fibers 
than does bupivacaine but with similar sensory blockade. 
The onset of this difference became significant as early as 
five minutes after the drug exposure was begun. No 
significant differences in recovery times were observed. 


Key Words: ANESTHETICS, Locat—bupivacaine, 
ropivacaine. 


served following sciatic nerve block and epidural 
block in guinea pigs (6). The convulsant dose is 
almost identical to that of bupivacaine, indicating 
similar central nervous system toxicity (7). However, 
at equivalent doses and plasma concentrations, bupi- 
vacaine causes a greater number of ventricular 
arrhythmias and deaths than ropivacaine (7). In vitro, 
ropivacaine has cardiac electrophysiological effects 
that are less depressant and of shorter duration than 
those of bupivacaine (8). The current study was 
designed to compare the in vitro potency and the 
onset and recovery of block of ropivacaine to that of 
bupivacaine using an isolated rabbit vagus nerve 
model. The effect of varying concentrations of ropi- 
vacaine and bupivacaine on the compound action 
potential of A and C nerve fibers was also assessed to 
determine whether motor and sensory fibers would 
exhibit differential sensitivity to the two anesthetic 
agents. 


Methods 


Vagus nerves obtained from New Zealand white 
rabbits (4-5 kg) were used for this study. Animals 
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were housed in a National Institutes of Health ap- 
proved animal care facility and were sacrificed in 
accordance with the guidelines for the care and use of 
laboratory animals. Animals were anesthetized with 
intravenous thiamylal (1.5 mg/kg) before being sacri- 
ficed by intravenous air embolus. Vagus nerves were 
rapidly removed with sheaths intact. Nerves were 
bathed in HEPES-Liley solution containing 136.8 mM 
NaCl, 5.0 mM KCI, 2.0 mM CaCl2, 1.0 mM MegCl2, 
and 11.0 mM dextrose buffered by the addition of 3.0 
mM N-2-hydroxyethylpiperazine-N’-2-ethanesulfo- 
nic acid (HEPES). The pH was adjusted to 7.35-7.40 
by the addition of 0.1 N NaOH. The nerves were 
transferred to a stimulation chamber as previously 
described (9). The intact vagus nerves were stimu- 
lated using surface platinum electrodes with a Grass 
546 stimulator and a Grass Stimulus Isolation Unit. 
The stimulation frequency was 0.5 Hz. Stimulus 
duration was 0.05 msec for A fibers and 1.0 msec for 
C fibers. Stimulus intensities were adjusted to obtain 
the maximum compound action potential (CAP) ona 
Tektroniks model 5113 storage oscilloscope. The ex- 
periments were performed at room temperature 
(22°C). Measurements of the compound action poten- 
tial amplitude were made from photographs of the 
images displayed on the storage oscilloscope. The A 
and C fibers were identified by their respective con- 
duction velocities of 25-50 m/sec and <1.0 m/sec. The 
nerves were bathed in HEPES-Liley solution until a 
steady-state baseline compound action potential was 
achieved. The nerves were then superfused with 
either bupivacaine or ropivacaine in concentrations of 
0.1 mM, 0.15 mM, or 0.2 mM prepared in HEPES- 
Liley salt solution. Each drug concentration was 
tested on five or six animals. All solutions were 
administered at a rate of 14 to 16 drops per minute for 
30 min. Compound action potential amplitudes of A 
and C fibers were recorded every 5 min during the 
time the nerve was bathed with the anesthetic agent. 
At the end of the 30 min exposure, the nerve was 
washed with HEPES-Liley solution until there was at 
least 80% to 90% recovery of control compound 
action potential in all fibers to ensure that the ob- 
served conduction blockade was not secondary to 
nerve damage. Results were expressed in terms of 
percent reduction in compound action potential am- 
plitude at 5-min intervals during the 30-min expo- 
sure. The time for 80%-90% recovery of compound 
action potential was also recorded. The data were 
plotted in a linear fashion with the percent blockade 
(ordinate) against the anesthetic concentration ex- 
pressed as the log concentration. Analysis of variance 
(ANOVA) and linear regression were used where 
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Figure 1. Dose-response curves comparing the percent depression 
of A fiber action potentials (AP) by ropivacaine (R = 0.49) and 
bupivacaine (R = 0.58) following 30 min of anesthetic exposure; a 
significant difference was present at all concentrations tested. 
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Figure 2. Dose-response curves comparing the percent depression 
of C fiber action potentials (AP) by ropivacaine (R = 0.72) and 
bupivacaine (R = 0.67) following 30 min of anesthetic exposure; no 
significant differences were present. 


appropriate to compare groups. Statistical signifi- 
cance was assumed with P values less than 0.05. 


Results 


Figures 1 and 2 show the percent depression of the 
compound action potential of A and C nerve fibers 
versus the log concentration of anesthetic agent. The 
percent depression at the end of the 30-min anes- 
thetic exposure increased in a concentration- 
dependent fashion with both ropivacaine and bupi- 
vacaine on both the A and the C fibers (Figures 1 and 
2). The overall effects of bupivacaine across concen- 
trations were 16% stronger than those of ropivacaine 
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Figure 3. Comparison of the percent depression of A fiber action 
potentials (AP) by ropivacaine and bupivacaine at 5-min intervals 
during a 30-min exposure; (*) indicates P < 0.05. 
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Figure 4. Comparison of the percent depression of C fiber action 
potentials (AP) by 0.2 mM ropivacaine and bupivacaine at 5-min 
intervals during a 30-min exposure; no significant differences were 
present. 


on the A fibers, but only 3% stronger on the C fibers. 
An analysis of variance revealed that this difference 
represented a statistically significant anesthetic by 
fiber interaction (F = 5.07, P = 0.028). Post hoc tests 
showed that the effects of the two anesthetics differed 
significantly on the A fibers (P = 0.0001), but not on 
the C fibers (P = 0.29). 

Figures 3 and 4 show the percent depression of the 
compound action potential of A and C nerve fibers as 
a function of time during exposure to a 0.2-mM 
concentration of either bupivacaine or ropivacaine. 
The degree of A fiber depression seen was signifi- 
cantly less in the ropivacaine-treated nerves as early 
as five minutes after the drug exposure began and 
continued to be less throughout most of the observa- 
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Table 1. Time (min) to 80%-90% Recovery of Action 

Potential Amplitude (Mean + sp) 

Concentration Bupivacaine Ropivacaine 
0.1 mM S22 12 40+35 P< 0.06 
0.15 mM 46 + 21 5]. 2.25 P < 0.81 
0.2 mM 86 + 23 63 + 29 P < 0,25 


tion period (Figure 3). The amount of C fiber depres- 
sion seen with the two anesthetic agents was not 
significantly different throughout the period of drug 
exposure. At the lower concentration, the difference 
in A fiber depression seen with the two anesthetic 
agents was still present, but did not become statisti- 
cally significant until after a 10-15 min exposure. No 
difference in the amount of C fiber depression was 
seen between the two agents. 

The mean times for the nerve fiber action poten- 
tials to regain 80% to 90% of its initial pre-drug 
control value are shown in Table 1. There was no 
significant difference in recovery times of A and C 
fibers following exposure to ropivacaine and bupiva- 
caine at any of the concentrations tested. 


Discussion 


In vivo studies in an experimental dog model have. 
previously demonstrated that ropivacaine is less po- 
tent than bupivacaine in terms of producing motor 
blockade when used for epidural or spinal anesthesia 
(5). However, sciatic nerve block and epidural block 
data in guinea pigs indicated similarities in the onset, 
duration, and potency of sensory anesthesia pro- 
duced by the two agents (5). The results of the 
present study utilizing an isolated rabbit vagus nerve 
model suggest that differences may exist between the 
two agents in the relative depression of sensory and 
motor fibers of the compound action potential. The 
effects of ropivacaine, relative to those of bupiva- 
caine, are significantly less on A fibers than they are 
on C fibers. The depression of A fiber action poten- 
tials by ropivacaine was less than the depression 
produced by bupivacaine at the concentrations 
tested. No significant difference was demonstrated in 
the degree of depression of the action potential of C 
fibers produced by the two agents. 

Comparison of the physico-chemical properties of 
ropivacaine and bupivacaine show that while the pKa 
vaiues of the two agents are nearly identical (ropiva- 
caine 8.0; bupivacaine 8.1), ropivacaine is less lipid 
soluble than bupivacaine in both sciatic nerve and 
subcutaneous fat (10). Therefore, there may be a 
difference in penetration of the larger myelinated A 


os 


COMPARISON OF BUPIVACAINE AND ROPIVACAINE 


fibers by the two agents due to the high lipid content 
of myelin. The relatively greater lipid solubility of 
bupivacaine may allow this agent to penetrate the 
large, myelinated A fibers more rapidly than the less 
lipid soluble ropivacaine. With the unmyelinated, 
smaller C fibers, less difference was demonstrated 
between the two agents. 

Rosenberg and Heinonen have previously studied 
the differential sensitivities of A and C fibers to 
bupivacaine and ropivacaine (11). Their study sug- 
gested that at higher concentrations, bupivacaine 
showed a tendency to cause a greater decrease in 
amplitude of the action potentials of the large A fibers 
than did ropivacaine. A statistical analysis was not 
included. Their study only compared mean effects 
after 4 and 8 minutes of anesthetic exposure, which 
may not have allowed enough time to elapse for the 
differential sensitivity of the two agents on A and C 
fibers to be clearly demonstrated. 

The differential sensitivity of A and C fibers to 
ropivacaine has important clinical significance. For 
example, a local anesthetic that produces relatively 
greater sensory blockade and less motor blockade 
than bupivacaine would seem to be an ideal agent for 
use in labor. Clinical studies using ropivacaine for 
regional anesthesia in human subjects are currently 
underway. These studies will help to determine if the 
differential sensitivities seen in vitro in the present 
study are also present in the clinical setting. 
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Does Nitrous Oxide Affect the Hemodynamic Effects of Anesthesia 


Induction with Propofol? 
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THORNILEY A, BYTTEBIER G. Does nitrous oxide affect 
the hemodynamic effects of anesthesia induction with 
propofol? Anesth Analg 1989;68:728-33. 


Anesthesia was induced in 20 patients, ASA physical status 
I and Il, with either propofol (2.5 mg-kg~"), vecuronium 
(100 ug-kg~"), and 100% oxygen (Group A), or with equal 
doses of propofol and vecuronium but with 70% nitrous 
oxide in oxygen (Group B). All patients were premedicated 


Previous studies on the hemodynamic effects of an- 
esthetic induction with propofol have reported con- 
flicting data. Some authors found that the observed 
decreases in mean arterial pressure (MAP) were due 
to decreases in systemic vascular resistance (SVR) 
while cardiac output (CO) did not change (1). Others 
reported that marked decreases in CO and stroke 
volume (SV) were responsible for the decreases in 
MAP (2-4) and still others explained the decrease in 
MAP as a result of decreases in both CO and SVR (5- 
8). These differences in findings could, to some 
extent, be attributed to different protocols. In some 
studies patients were breathing spontaneously, in 
others they were artificially ventilated either with air, 
100% oxygen, or 70% nitrous oxide in oxygen. Since 
N-O has cardiovascular effects which are influenced 
by the interaction with other drugs (9-11) this study 
was performed to determine whether the hemody- 
namic effects of anesthetic induction with propofol 
are altered by simultaneous use of 70% of NO, 
which is still the most popular anesthetic adjuvant. 
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with lorazepam 2 mg orally. In both groups systolic arterial 
pressure decreased after 3 minutes (P < 0.05) due to 
decreases in cardiac output and stroke volume (P < 0.05). 
Systemic vascular resistance in both groups did not change 
immediately after administration of propofol but increased 
(P < 0.05) following intubation. Addition of nitrous oxide 
did not alter hemodynamic parameters associated with 
propofol induction. 


Key Words: ANESTHETICS, INrRAvVENOUS— 
propofol. ANESTHETICS, GAses—nitrous oxide. 


Material and Methods 


Twenty patients (ASA physical status I and II) sched- 
uled for elective major abdominal and thoracic sur- 
gery were studied. The study was approved by the 
hospital ethical committee and written informed con- 
sent was obtained from all patients. Patients did not 
qualify for this study if they were younger than 25 or 
older than 60 years, were obese (>120% of ideal body 
weight), or had major metabolic, hepatic, renal, car- 
diac, pulmonary, hematologic, and central nervous 
system disease, had a history of allergy, or addiction 
to alcohol or smoking, or if they took cardiovascular 
active drugs. All patients had a standardized anes- 
thetic management consisting of premedication with 
lorazepam 2 mg sublingual 2 hours before induction. 
On arrival in the anesthetic room a modified V5 EKG 
lead was attached. Using local anesthesia cannulae 
were inserted into a peripheral vein and a radial 
artery and a balloon-tipped, flow-directed thermodi- 
lution catheter (American Edwards Co.) was directed 
into the internal jugular vein. All pressures were 
recorded by Statham transducers and continuously 
displayed on a four-channel chart recorder. Twenty 
minutes after completion of cannulae insertion, base- 
line measurements, including measurements of car- 
diac output (thermodilution technique) were made. 
During the final 60 min before induction each patient 
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Table 1. Patient characteristics 


Group A (02) Group B (N20, O3) 
Age (yrs) 46,2 + 2,92 47,0 + 4,15 
Weight (kg) 69,3 + 4,74 65,5 + 2,32 
Height (cm) 170,9 + 3,8 167,0 + 2,42 
Sex M6,F4 M8,F2 


- Data are mean + sem {n = 10 in each group). 


received 500 ml of intravenous hydroxyethylstarch. 
Patients were randomly assigned to two groups: 
Group A consisted of 10 patients who breathed 100% 
O, via a tight-fitting face mask for 5 minutes prior to 
induction and Group B of 10 patients who breathed 
70% N,O in oxygen for 5 minutes prior to induction. 
All patients then underwent intravenous induction of 
anesthesia with propofol 2.5 mg-kg~’ given over 45 
seconds followed by vecuronium 100 ug'kg`*. The 
patients continued to breath their assigned gas mix- 
ture spontaneously and, upon disappearance of the 
eyelash reflex, were manually ventilated with care 
being taken to avoid increased airway pressure, Four 
minutes after induction, all patients were intubated 
within 30 seconds by the same anesthetist and man- 
ual ventilation at a rate of 12 per min was begun. 

The anesthetic circuit used was a Mapleson C with 
a tight-fitting face mask and a flow rate of greater 
than twice the minute volume to prevent rebreathing. 
End-tidal CO, (Ohmeda CO, analyzer) and percuta- 
neous oxygen saturation (Nelcor pulse oximeter) 
were continuously recorded, and remained within 
normal limits for the duration of the anesthesia. 

One, 3, 4.5, and 7 min. after injection, the follow- 
ing were measured: heart rate (HR), systemic systolic 
(SAP), diastolic (DAP) and mean arterial pressure 
(MAP), mean pulmonary arterial pressure (PAP), 
pulmonary capillary wedge pressure (PCWP), central 
venous pressure (CVP), and cardiac output (CO). 
Systemic vascular resistance (SVR) and stroke volume 
(SV) were calculated using a standard formula. Data 
are expressed as mean + SEM. Statistical analysis 
within the group was performed by a Friedman test 
“P < 0.05) and between the groups by Mann Whit- 
ney Wilcoxon test (+ P < 0.05). 


Results 


The demographic data of the patients are listed in 
Table 1. There were no significant differences be- 
tween the groups with regard to age, weight, or 
height. The hemodynamic changes following induc- 
tion are listed in Table 2. There were no statistically 
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significant differences in baseline values in the two 
groups. 


Group A 


Data analysis within the group showed that HR, 
DAP, PAP, and PCWP did not undergo significant 
changes at any time while the MAP decreased to 23% 
below the awake value 3 min after induction (P < 
0.05). Immediately after intubation there were tran- 
sient increases in SAP, DAP, and MAP. CO and SV 
decreased by 25% and 22%, respectively, after induc- 
tion (P < 0.05) but without further significant 
changes after intubation. The SVR remained constant 
(+4% after 1 minute, —3% after 3 minutes) until 
intubation, when it increased 51% (P < 0.05). 


Group B 


Data analysis within the group showed no significant 
change in HR, MAP, DAP, and PAP after induction, 
whereas the SAP decreased on average by 18% at 3 
minutes (P < 0.05). After intubation slight, but not 
statistically significant, increases in SAP, MAP, DAP, 
and PAP occurred. CVP and PCWP increased after 
induction, reaching statistical significance (respec- 
tively 44% and 65%) after intubation. CO and SV 
decreased immediately after induction (—18% and 
—22% respectively at 3 min (P. < 0.05) but no major 
changes were seen after intubation. SVR remained 
stable after induction and increased 44% (P < 0.05) 
after intubation. There were no significant differences 
in HR, SAP, MAP, DAP, CVP, CO, SV, and SVR 
between the two groups (Table 2, Figure 1). PAP, 
however, was significantly different between the 
groups after 4.5 and 7 min, as was PCWP at 4.5 min. 


Discussion 


Previous studies on the cardiovascular effects of an 
intravenous induction dose of propofol have all doc- 
umented decreases in systemic arterial pressure (1- 
8). However, the reasons proposed for the decrease 
in blood pressure vary between investigators (Table 
3). Claeys et al. (1) imply that a decrease in SVR, 
while CO and SV remained stable, caused the de- 
crease in SAP. Coates et al. (8) and Grounds et al. 
(5,6) explained the decrease in systemic arterial pres- 
sure by decreases in both CO and SVR. Van Aken et 
al. (2), in contrast, found significant decreases in the 
CO and SV without concomitant changes in SVR. 
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Table 2. Hemodynamic Data (mean + SEM) (n = 10 in each group) during Induction of Anesthesia in Group A 
(propofol 2.5 mg-kg~*, vecuronium 100 ug'kg™+, 100% O,) and in Group B (propofol 2.5 mg-kg~*, vecuronium 100 


pekg?, 70% N30 in O,) 


Group A, propofol 2.5 mg/kg, vecuronium 100 pe/kg, 100% O, 


awake 

SAP (mm Hg) x 146.00 
5x 3.32 

DAP (mm Hg) x 75.40 
Sx 1.38 

MAP (mm Hg) x 99.00 
Sx 2.23 

PAP (mm Hg) xX 15.40 
Sx 0.82 

HR (beats min`?) x 86.40 
Sx 3.93 

CVP (mm Hg) x 4.70 
Sx 0.58 

PCWP (mm Hg) x 6.80 
Sx 0.63 

CO (L min™’) x 8.51 
Sx 0.42 

SV (ml beat7) x 100.00 
Sx 5.90 

SVR (dyn-seccm~°) x 910.25 
Sx 57.56 


SAP (mm Hg) x 150.70 
Sx 6.78 
DAP (mm Hg) x 72.90 
Sx 3.69 
MAP (mm Hg) x 101.40 
Sx 4.94 
PAP (mm Hg) x 20.20 
Sx 2.04 
HR (beats min” !) x 79.40 
Sx 2.63 
CVP (mm Hg) x 5.07 
Sx 1.23 
PCWP (mm Hg) x 8.90 
Sx 1.39 
CO (L min™?) x Zol 
Sx 0.44 
SV (ml beat™!) x 94.50 
Sx 4.20 
SVR (dyn-sec cm~’) x 1051.70 
Sx 86.77 


x, mean value. 

Sx, standard error of mean. 

Comparison within the group *P < 0.05. 
Comparison between the groups +P < 0.05. 


The purpose of this study was to determine 
whether N,O alters the specific hemodynamic 
changes of an induction dose of propofol. In compar- 
ison to previous studies (1-8) several methodological 
features have been incorporated and deserve com- 
ment. 

First, our patients received a 500-ml infusion of 
hydroxyethylstarch as a replacement of fluids lost 
due to restricted preoperative fluid intake. In this 


1 min 3 min 4.50 min 7 min 
120.60 118.20* 175.10 135.00 
4,28 9.33 6.08 9.2] 
65.30 60.60 101.50 76.00 
2.12 2.15 3.52 4.72 
83.20 75.90* 129.90 99.00 
1.84 2.80 4.78 7.18 
14.40 14.20 18.80+ 15.50+ 
0.83 1.06 0.81 1.39 
89.60 82.60 93.40 87.30 
4.89 3.49 3.74 4.01 
6.20 6.80 7.90* 6.30 
0.70 0.84 0.95 0.63 
7.60 7.30 10.70+ 8.50 
0.90 0.72 0.70 1.04 
6.56* 6.33* 7.23 7.04" 
0.27 0.22 0.37 0.33 
75.40* 77 .80* 79.00* 81.80 
5.60 3.90 5.80 4,40 
950.33 880.95 1378.68" 1076.47 
38.73 44,38 90.20 105.42 
127.30 123.70* 164.60 142.30 
5.70 9.67 11.38 7.42 
63.80 69.60 95.60 79.10 
3.81 5.03 6.29 4.82 
88.10 90.40 123.60 103.80 
5.26 7.07 7.48 6.11 
19.20 16.80 25.50+ 21.10+ 
2.00 1.56 2.48 1.56 
82.90 83.20 91.10 87.40 
2.03 2.72 4.07 3.93 
6.60 7.30 8.20* 8.50" 
0.81 0.94 0.90 0.99 
8.40 8.80 14.70-+* 11.30 
1.01 1.18 1.86 1.22 
6.56 6:15" 6.20" 7.17 
0.46 0.42 0.39 0.50 
78.40" 73.70" 68.00" 81.80 
3.80 3.80 3.10 3.70 
1066.92 1112.30 1518.14* 1091.47 
135.10 105.78 96.38 77.97 


way it was hoped that decreases in blood pressure 
due to fluid depletion were avoided. 

Second, all patients prebreathed either 100% oxy- 
gen or 70% N,O in oxygen for 5 min using a non- 
rebreathing circuit and a high fresh gas flow. It has 
been shown that the ratio between alveolar and 
inspired N,O is close to unity at 5 minutes (0.93) (12); 
denitrogenation had therefore, taken place in our 
subjects. 
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Figure 1. Hemodynamic profiles from 0 to 7 minutes of two 
groups of patients following injection of propofol 2.5 mg-kg | 
Group A, 100% oxygen; Group B, 70% nitrous oxide in oxygen). 
( p « 5 p J 4 
Mean + SEM data. *Significantly (P < 0.05) different from baseline 
5 ; 
values. 


Third, PETco2 and SAT,» were continuously mon- 


itored and kept within normal levels by the use of 


manual ventilation via a highflow non-rebreathing 
circuit. In the studies by Claeys et al. (1, Table 3) the 
patients breathed room air and in 8 of the 10, apneic 
periods of 62 to 118 seconds occurred during which 
carbon dioxide levels were not recorded. Mertzlufft 
and co-workers (13) found that during such apneic 
periods considerable increases in PaCO, of 14 to 18 
mm Hg can occur. Increases in PaCO, above normal 
levels were recorded in their study 45 minutes after 
induction. Similarly, Coates et al. (8) in their study 
recorded increases in PaCO, from 39.3 mm Hg to 47.9 
mm Hg. These changes in PaCO, may have been 
important in view of the findings by Cullen et al. (14) 
that hypercarbia increases CO, SV and HR and de- 
creases SVR in both awake and anesthetized subjects. 
Indeed, increasing the PaCO, from 35 to 55 mm Hg 
doubled the cardiac index in awake subjects (14). The 
vascular changes associated with hypercarbia were 
explained by Cullen et al. (14) as indicating a combi- 
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nation of a direct depressant effect of CO, on myo- 
cardial contractility and a direct dilating effect on 
peripheral vessels as well as an indirect effect medi- 
ated by CO,-induced sympatho-adrenal stimulation. 
Hypercarbia in the subjects of Claeys et al. (1) may 
have accounted for their observed decrease in SVR 
with no significant decrease in CO. Similarly, in the 
study by Coates et al. (8, Table 3) increases in PaCO, 
may have been responsible for the decreases in SVR. 

Grounds et al. (5,6), in addition to recording in- 
creased CO, levels, also found decreases in pH. 
Respiratory acidosis is well known to induce sympa- 
thetic activity (15), which may explain why they did 
not record more profound decreases in the CO. 
Paulin et al. (7) found decreases of CI (P < 0.005) and 
SVR (P < 0.050) in subjects given only propofol 2 
meg-kg ' and 100% oxygen. Nevertheless, 8 of their 
20 patients had stabilized heart disease, 6 had arterial 
hypertension, and 2 had unrecognized cardiac insuf- 
ficiency. In this study PaCO, varied between 40 to 
49.5 mm Hg. 

In line with other studies (1-8), Cullen et al. (16) 
and Samain et al. (17) have reported that propofol 
resets the baroreflexes to allow slower heart rates at 
lower arterial pressures. Coupled with this is partial 
suppression of the usual tachycardia and systolic 
hypertension (18,19) associated with laryngoscopy 
and intubation. 

In both of our studied groups PAP decreased 
slightly after induction of anesthesia and increased 
significantly after intubation. The changes in CVP 
and PCWP can be attributed in part to an increased 
intrathoracic pressure due to intubation and assisted 
ventilation. Increased airway and intrapleural pres- 
sures can decrease transmural cardiac filling pres- 
sures and hower thoracic venous inflow (20,21). 

Vecuronium was used in this study to facilitate 
tracheal intubation as this drug seems to have mini- 
mal effects on cardiovascular parameters (22,23). Ni- 
trous oxide can affect the cardiovascular system in 
different ways. It can produce a direct myocardial 
depression (11). This is, however, usually compen- 
sated by simultaneous sympathetic activation of the 
brain nuclei that control B adrenergic activity (24). 
NO can also inhibit the uptake of norepinephrine by 
the lungs, which results in @ adrenergic stimulation 
(11). The net result is little cardiovascular depression 
at both analgesic and anesthetic partial pressures. 
Drugs such as narcotics, however, are able to block 
centrally mediated 6 adrenergic stimulation of NO, 
which results in a different hemodynamic profile 
when N,O is used in combination with such drugs 
(25). 

In this study a significant reduction in SAP dueto 
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Table 3. Hemodynamic Changes Induced by Propofol as Reported in the Literature. The changes are expressed as 


percent difference from baseline value. _ 
SAP MAP DAP 


Claeys (1988) ~28%"* —24%"  —19%* 
bolus 2 mg-kg™* room air 
spontaneous ventilation 


Coates (1987) —32%* —24% ~16% 
bolus 2 mg-kg~', 67% NO 
in Oz 
spontaneous ventilation, 

Grounds (1985) = —32%* = 


bolus 2.5 mg'kg™! 100% 
O, manual assistance only 
in çase of apnea 


Paulin (1987) -17%*  —14%*  —12%* 
bolus 2 mg-kg™' 100% O, 


manual assistance only in 
case of apnea 


Van Aken (1988) ~25%*  —20%* ~~-14%* 
bolus 2.4 mg-kg~* 67% 
NO in O, manual 
normoventilation 

Carlier (present study) ~19%* —23%" -19% 
bolus 2.5 mg-ke—', 100% 
O, manual 
normoventilation 
bolus 2.5 mg:kg~', 70% ~ 18%" —10% 5% 
N.O in O, manual 
normoventilation 


a reduction in CO and SV was observed in both 
groups showing that the simultanéous use of 70% 
N,O does not change these parameters. SVR, in 
contrast to findings in other studies (1,5-8), showed 
only minor changes except after intubation, when an 
increase due to reflex sympathoadrenal response 
commonly occurs (18,19). The results of this investi- 
gation suggest that the cardiovascular effects of pro- 
pofol documented in the previous study by Van Aken 
et al. (2) were not a result of adding N,O. 
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The neuromuscular blocking and cardiovascular effects of 
pipecuronium, in doses ranging 2-3 times its EDgs, were 
evaluated in 46 patients during thiopental, fentanyl, N,O/ 
O, anesthesia. The neuromuscular blocking effect of pipe- 
curonium was evaluated by recording of the mechanical 
twitch of the adductor pollicis muscle in response to stim- 
ulation of the ulnar nerve at the wrist. Heart rate, systolic 
and diastolic blood pressures, and cardiac output were non— 
invasively measured during the onset of the neuromuscular 
blockade and compared to a saline control group to separate 
the effect of anesthesia from those of pipecuronium. 

The mean + sp time from administration of pipecuro- 
nium to 90% suppression of the first twitch (T1) of the 
train—of—four was 2.6 + 0.8, 2.0 + 0.6, and 2.1 + 0.6 min 
following the 70 pg/kg, 85 ugikg, and 100 ygikg dose, 
respectively. There was no significant difference between the 
different doses of ptpecuronium in the time to 90% suppres- 
sion of T1. In general, all three doses of pipecuronium 
provided good to excellent intubating conditions within 3 
minutes after its administration. The time from the admin- 
istration of pipecuronium to 5% recovery of T1 was 52.3 + 
18.2 min in the group given 70 ugikg. This was signifi- 
cantly longer in patients given 85 g/kg (71.9 + 15.7 min) 
or 100 pg/kg (71.8 + 22.1 min). Times to the start of 


Pipecuronium bromide is a nondepolarizing neuro- 
muscular blocking agent that is structurally similar to 
pancuronium and vecuronium. Both pipecuronium 
and pancuronium have bisquaternary structures but 
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recovery of T1 and to 25% recovery of T1 showed a similar 
significant pattern. In 2/3 of the patients, administration of 
neostigmine (2.5 mg) resulted in adequate recovery of 
muscle function within 10 minutes. Only patients with T1 
recovery to less than 15% of control or a T4/T1 ratio of zero 
tended to take longer than 10 minutes for full recovery. 
Heart rate and systolic and diastolic blood pressures de- 
creased significantly after the induction of anesthesia and 
during the onset of neuromuscular blockade. The hemody- 
namic variables, however, were similar between the three 
pipecuronium groups and a control group (N = 16) that 
received only saline. Therefore, no cardiovascular changes 
could be attributed to ptpecuronium when compared to the 
control group. Cardiac output did not change significantly 
over the time course of the study. 

Pipecuronium bromide produces a long-acting, nondepo- 
larizing neuromuscular blockade, A dose of 70 ug/kg can be 
expected to provide good intubating conditions in 3 minutes 
with a clinical duration of approximately one hour. Larger 
doses (85 ug/kg and 100 g/kg) may shorten the onset time 
and increase duration on average by 20 minutes. Higher 
doses are thus best reserved for procedures of long duration. 
Because no cardiovascular effects were observed with doses 
ranging from 2-3 times its ED95, pipecuronium can be 
recommended for patients in whom cardiovascular stability 
is desired. 


Key Words: NEUROMUSCULAR RELAXANTS— 
pipecuronium. 


differ in side chains attached to the steroid nucleus. 
Pipecuronium has piperazine rings attached at posi- 
tion 2 and 16 of the steroid nucleus, while pancuro- 
nium has piperidine rings. Vecuronium, on the other 
hand, is a monoquaternary compound. The struc- 
tural modifications in pipecuronium are designed to 
improve its specificity, leaving the neuromuscular 
effect intact while reducing the nicotinic side effects 
on the cardiac vagus nerve. In adults, pipecuronium 
is approximately 20% more potent than pancuronium 
with an EDs of approximately 35 ug/kg during intra- 
venous balanced anesthesia (1-3). The purpose of 


CLINICAL PHARMACOLOGY OF PIPECURONIUM BROMIDE DURING BALANCED ANESTHESIA 


this investigation was to evaluate the neuromuscular 
and cardiovascular effects of pipecuronium. To do 
this, three doses spanning the useful clinical range 
(2-3 x EDs) were chosen. This study was done 
during thiopental, fentanyl, N,O/O, anesthesia be- 
cause of the minimal neuromuscular effects of this 
anesthetic regimen. To quantitate for the cardiovas- 
cular effects of the anesthetic regimen alone, patients 
similarly anesthetized were given injection of saline 
instead of pipecuronium. 


Methods 


Sixty-two ASA physical status I-II] patients gave 
written informed consent to participate in this open- 
label study approved by our Institutional Review 
Board. The patients ranged in age trom 23 to 63 years, 
and in weight from 48 to 120 kg. Patients with a 
history of renal, hepatic, metabolic, or neuromuscu- 
lar disorders were excluded, as were morbidly obese 
patients (defined as 100 lb above the ideal body 
weight). Morphine sulfate (0.1 mg/kg, IM) and atro- 
pine (0.4 mg, IM) were administered approximately 
1-1.5 hours prior to induction. Anesthesia was in- 
duced with thiopental (3-6 mg/kg) and fentanyl (3-6 
ug/kg) and was maintained with thiopental (50 mg 
increments), fentanyl (50 ug increments), and N,O/ 
O, (60/40 ratio). 


Neuromuscular blocking evaluation 


After the patients lost consciousness, the ulnar nerve 
was stimulated at the wrist through surface elec- 
trodes with train—of-four (TOF) supramaximal square 
wave impulses of 0.2 msec duration at 2 Hz every 12 
seconds. The mechanical twitch response of the ad- 
ductor pollicis muscle was measured using a Grass 
FT10 Force Transducer and continuously recorded on 
a Gould polygraph throughout the operation and for 
at least 10 minutes following the administration of 
reversal agent. Resting thumb tension was main- 
tained between 200-300 gm through the study. 

After obtaining a stable baseline TOF (approxi- 
mately 1-2 minutes), 30 patients randomly received 
either 70 ug/kg (N = 10,) 85 ug/kg (N = 10,) or 100 ug/ 
kg (N = 10) of pipecuronium as a single IV bolus dose 
injected over 5 seconds. Tracheal intubation was 
attempted in these patients 1 minute after achieving 
maximum or 100% neuromuscular blockade. 

Sixteen additional patients received 70 ug/kg pipe- 
curonium with intubation attempted at 3 minutes. 
Intubating conditions were scored on a 1 to 4 scale in 
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which 1 is “excellent” (complete relaxation;) 2 is 
“good” (slight diaphragmatic movement;) 3 is “poor” 
(moving vocal cords and bucking;) and 4 is “inade- 
quate” (fighting, tight jaw muscle.) Neuromuscular 
relaxation was maintained with 5-10 ug/kg doses of 
pipecuronium administered whenever the first twitch 
(T1) of the TOF returned to 25% of its baseline value. 
Toward the end of the surgery, neuromuscular func- 
tion was allowed to recover spontaneously, as much 
as clinical circumstances allowed, with residual neu- 
romuscular blockade antagonized as necessary by 
intravenous injection of neostigmine (2.5 mg) and 
elycopyrrolate (0.5 mg). N,O/O, was continued until 
reversal was complete or at least 10 minutes had 
elapsed. 


Hemodynamic evaluation 


Heart rate and systolic and diastolic blood pressures 
were measured using an automated cuff 
(Dinamapp_ ) prior to induction of anesthesia, after 
induction but prior to pipecuronium, and 1 and 2 
minutes after the administration of pipecuronium. 
Cardiac output was measured prior to induction, 
prior to pipecuronium, and 2 minutes after pipecuro- 
nium administration by a noninvasive Doppler tech- 
nique [Lawrence 3000](4). Cardiac outputs repre- 
sented the average of two consecutive readings that 
differed by less than 15%. To distinguish between the 
effects of anesthesia and pipecuronium on the cardio- 
vascular system, a control group of 16 patients were 
studied who had the same anesthetic but received 
saline instead of pipecuronium 2 minutes after they 
lost consciousness. After the cardiovascular measure- 
ments, the control group received another muscle 
relaxant. 


Statistical analysis 


Data were analyzed utilizing one way ANOVA, two 
way ANOVA with repeated measurements on time, 
and Kruskal-Wallis test. When ANOVA showed a 
significant difference, the LSD Test was used for 
further evaluations. AP < 0.05 was considered statis- 
tically significant. Data are presented as means + SD. 


Results 


There were no significant differences in the demo- 
graphic data except that there were more female 
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Table 1. Patient Demographics and the Neuromuscular Blocking Effects (Mean + sp) of Three Different 





Doses of Pipecuronium 


LARIJANI ET AL. 
85 ug/Kg 100 ug/Kg 
(N = 10) (N = 10) 

38.7 + 14.1 49.9 + 10.2 

66.8 + 12.4 66.3 + 14.8 
(5 M, 5 F) (3 M, 7 F) 
1.4 + 0.5 1.4 + 0.6 
2.0 + 0.6 2.1 + 0.6 
3.2 + 1.1 3.0 + 0.81 

57.3 + 15.6° 58.6 + 15.6> 

71.9 + 15.79 71.8 + 22.19 

98.3 + 18.7% 94.6 + 18.08 

27.4 + 6.1 28.8 + 8.0 


70 pg/Kg 

(N = 26) 
Age (yr) 44.6 + 10.4 
Weight (kg) 69.2 + 15.2 
Sex (4 M, 22 F) 
Time to onset of 50% block (min) 1.6 + 0.6 
Time to onset of 90% block (min) 2.6 + 0.8 
Time to 100% block (min) o ae E 
Time to start of recovery (min) 40.1 + 14.1° 
Time to 5% recovery (min) 52.3 © 182 
Time to 25% recovery (min) 69.9 + 21.6° 
Time from 5% to 25% recovery (min) 25.3 + 8.7 


a & b Different at P < 0.05 
c & d Different at P < 0.05 
e & f Different at P < 0.05 


lOO 






a e =70 ng/kg 
= A =85 pg/kg 
9 O = 100 pg/kg 
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Figure 1. The mean onset and recovery of neuromuscular block- 
ade following 3 different doses of pipecuronium. 


patients (22 of 26 patients) in the group of patients 
given 70 ug/kg (Table 1). 


Neuromuscular effects 


The neuromuscular blocking effects of 3 different 
doses of pipecuronium bromide are summarized in 
Table 1 and Figure 1. There was no significant differ- 
ence between the dosage groups with respect to time 
of onset of blockade. The time to 50% suppression of 
T1 was variable among patients but typically occurred 
within 2 minutes while time to 90% suppression of T1 
was usually reached by 3 minutes. Time to 50% and 
90% block of T1 were not significantly shortened by 
increasing the dose (Table 1, Figure 1). In only 4 of the 
26 patients in the 70-yg/kg-dose group, were more 
than 3 minutes required to achieve 90% block of T1, 
whereas in one patient in the 100-ug/kg-dose group 
and none in the 85-ug/kg-dose group were more than 
3 minutes required. When the data for onset of 90% 


block after the 85-ug/kg and the 100-yg/kg dose were 
pooled (2.06 + 0.6, N = 20) and compared to onset of 
90% block after the 70-ug/kg dose, no significant 
difference could be demonstrated (two tailed unpaired 
t-test, P = 0.106). However, power analysis demon- 
strated only a 45% chance of detecting a 20% differ- 
ence, if it in fact existed. However, the time from the 
administration of pipecuronium to the start of recov- 
ery, to 5% and to 25% recovery of T1 was significantly 
longer in patients given 85 ug/kg or 100 ug/kg pipecu- 
ronium as compared to those who received 70 ug/kg. 
No significant difference could be demonstrated be- 
tween the 85-ug/kg and 100-ug/kg dosage groups with 
respect to the neuromuscular recovery parameters 
(Table 1). Intubating conditions were rated good or 
excellent in all patients except one who received 85 ug/ 
kg. Intubating conditions 3 minutes after 70-ug/kg 
dose did not differ significantly from the conditions for 
those who were intubated after the complete neuro- 
muscular blockade had been achieved (Figure 2). 
There was no significant difference between the dif- 
ferent dosage groups in the degree of residual 
neuromuscular blockade prior to, and the rate of 
recovery of Ti after the administration of neostig- 
mine. When the data for all patients were combined, 
the mean percent recovery of T1 was 22.8 + 13.9 
prior to neostigmine administration and 45.8 + 21.1, 
69.7 + 19.8, 80.7 + 19.8, and 84.6 + 18.6 at 2, 5, 8, 
and 10 minutes, after neostigmine administration, 
respectively. The corresponding mean T4/T1 ratios 
were 9.2 + 10.8, 30.2 + 18.3, 51.8 + 21.4, 62.3 + 20.0, 
and 67.0 + 17.8, respectively. The relationship 
between the recovery of T1 and T4/T1 ratio immedi- 
ately before and 10 minutes after the administra- 
tion of neostigmine (2.5 mg) are depicted in figures 
3 and 4. Reversal of neuromuscular block was 
successful in all patients. However, the time to full 
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Figure 2. Intubating conditions following pipecuronium. Patients 
in the first 3 groups (N = 10 each) were intubated at maximum 
block while patients in the last group (N = 16) were intubated 3 
min following pipecuronium administration. 
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Figure 3. Relationship between the recovery af T1 prior to and 10 
min after neostigmine (2.5 mg) administration. Note that 10 min 
was not sufficient for many patients who had less than 20% 
recovery of T1 prior to neostigmine administration. 


recovery depended on the degree of neuromuscular 
blockade before neostigmine administration. Ten pa- 
tients required more than 10 minutes or a second 
injection of neostigmine for full recovery. These pa- 
tients had a mean T1 recovery of 11% and a T4/T1 
ratio of zero prior to neostigmine administration. 


Cardiovascular effects 


There was no significant difference between different 
pipecuronium dose groups and saline group with 
respect to the cardiovascular data recorded over the 
time course of the study. Table 2 presents the cardio- 
vascular data by group. While no significant differ- 
ences between groups were found, there were signif- 
icant changes in heart rate, systolic and diastolic 
blood pressures, with the largest changes between 
awake and post-induction measurements. These 
changes were common to all groups (Table 2). 
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Figure 4. Relationship between T4/T1 ratio prior to and 10 min 
after neostigmine (2.5 mg) administration. 


Discussion 


In this study, pipecuronium had a relatively rapid 
onset of 90% block averaging 2.0 to 2.6 minutes after 
a single bolus dose of 100 ug/kg or 70 ug/kg, respec- 
tively. While patients who received 70 ug/kg dose of 
pipecuronium tended to have a slower onset of 90% 
block, the difference between the groups did not 
reach statistical significance. Pipecuronium provided 
good to excellent intubating conditions within 3 min- 
utes after 70-100 pg/kg dose. These findings are 
remarkably similar to those of pancuronium obtained 
during a similar anesthetic regimen (Meperidine, 
Thiopental, N-20) (5). The mean time to peak effect 
for pancuronium (80 g/kg) was 207 seconds while 
the comparable times for pipecuronium (70-85 pg/kg) 
observed in our study are 222 seconds and 192 
seconds. This similarity also holds for the recovery of 
neuromuscular function. The time to 25% recovery of 
T1 was found to be 86 + 13 minutes after pancuro- 
nium (80 ug/kg) while for pipecuronium the times 
were 70 + 22 minutes and 98 + 19 minutes after 70 
ug/kg and 85 pg/kg, respectively. 

As with other muscle relaxants, the speed of 
recovery of muscle function after neostigmine admin- 
istration was dependent on the degree of neuromus- 
cular blockade. Ten minutes after the administration 
of neostigmine (2.5 mg) approximately 2/3 of our 
patients had either greater than 90% recovery of T1 or 
a T4/T1 ratio greater than 75%. The mean recovery of 
T1 and T4/T1 ratio prior to neostigmine administra- 
tion in these patients was 28.7 + 14.1% and 9.2 + 
10.8%, respectively. The remaining 15 patients who 
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Table 2. Hemodynamic Findings (Mean + sp) Before and 1 and 2 min After Administration of Pipecuronium or Saline 














Dose (ug/Kg) Awake 

100 82.3 + 17.5 
Heart Rate* 85 71.7 + 16.4 
(beats/min) 70 80.9 + 24.6 
Saline 88.3 + 20.3 
Mean + sp 81.6 + 20.3 
100 138.9 + 13.8 
Systolic BP* 85 130.9 + 15.5 
(mm Hg) 70 145.9 + 23.7 
Saline 134.9 + 20.0 
Mean + sp 137.3 + 19.0 

100 78.2 + 7.8 

Diastolic BP* 85 65.0 = 8.8 
(mm Hg) 70 73.3 + 16.0 
Saline 73.0 + 10.4 
Mean + sp 72.4 + 11.6 

100 §.22£ 1.3 

Cardiac Output* 85 S313 

(L/min) 70 5921.6 

Saline 6.6 + 1.9 

Mean + sp 5.8 + 1.7 


+ _ 


= No difference between grou 
“= P < 0.6 for difference from previous value 


were reversed at a T1 recovery of 13.2 + 7.0% hada 
mean T1 recovery of 67.9 + 19.2% and T4/T1 ratio of 
51.4 + 15.6% ten minutes after neostigmine admin- 
istration. These patients required either longer than 
10 minutes, or a second dose of reversal agent to 
achieve full recovery of muscle function. 

Unlike pancuronium, the cardiovascular effects of 
pipecuronium were minimal. While blood pressure, 
heart rate, and cardiac output tended to decline over 
the course of the study, the changes were similar 
after injection of pipecuronium and saline placebo. 
Such cardiovascular changes as did occur were attrib- 
uted to a continuing effect of the induction drugs, 
thiopental, and fentanyl, since the patients were not 
stimulated or given other drugs at this time. Pipecu- 
ronium is thus like vecuronium in the absence of 
cardiovascular effects. It does not cause tachycardia 
and blood pressure elevation as seen with pancuro- 
nium during balanced (6) and halothane anesthesia 
(7). We compared the cardiovascular effects of pipe- 
curonium to a saline control to allow us to draw 
conclusions on the direct effects of pipecuronium. It 
also allows for an estimate of the underlying continu- 
ing effect of the anesthetic regimen which were mea- 
surable even 5 to 10 minutes after induction. Other 
studies (6,7) have failed to take these into account so 
that underlying anesthetic effect were incorporate into 
the drug effect. Future, well designed, comparative 


Asleep 1 min 2 min 
87.7 + 13.8 81.6 + 15.6 80.8 + 16.7 
70.7 + 10.8 66.5 + 9.4 63.8 + 8.4 
92.3 + 19.1 80.5 + 16.4 79.5 + 14.7 
83.8 + 16.9 79.7 + 13.2 76.0 + 13.2 
83.6 + 16.9 77.4 + 14.6 75.1 + 14.6"* 

123.6 + 22.2 104.7 + 22.7 108.2 + 24.4 
115.2 + 16.9 105.7 + 17.0 100.6 + 17.3 
125.3 + 26.4 111.5 + 19.6 107.9 + 16.1 
108.5 + 13.7 105.9 + 15.2 105.4 + 15.3 
17.4.2 300.3" 106.8 + 18.0** 105.5 + 17.8 
69.9 + 15.8 62.5 + 15.8 63.8 + 15.7 
58.7 + 12.2 55.4 + 12.6 51.6 + 7.2 
70.5 + 16.8 62.4 + 13.1 60.0 + 10.1 
51.0 + 8.9 60.1 + 9.2 60.0 + 9.1 
44.6 + 13.8"* 60.1 + 12.4 59.0 + 11.2 
4.9 + 1.2 45+ 1.0 
5.5 + 1.6 5.32413 
57-2 15 6.0 + 2.1 
5.7 + 1.8 5.4 + 1,5 
5.5 + 1.6 5.3 + 1.6 


studies are warranted to determine the advantages 
and disadvantages of pipecuronium over the other 
widely used neuromuscular relaxants. 

In conclusion, pipecuronium has a relatively rapid 
onset of effect, providing good to excellent intubating 
conditions within 3 minutes after the administration 
of a 70 yg/kg dose. During balanced anesthesia, in 
doses ranging from 70-100 ug/kg, pipecuronium pro- 
vides clinical neuromuscular relaxation of 1-2 hours 
duration. Because 85 and 100 ug/kg took longer to 
recover, we recommend these higher doses for longer 
procedures and when a slightly more rapid onset is 
desired. Full recovery of neuromuscular function 
after neostigmine (2.5 mg) administration was ob- 
served within 10 minutes in the majority of patients. 
However, patients with less than 20% recovery of T1 
prior to the administration of neostigmine may re- 
quire more than 10 minutes or a second dose of 
reversal agent to achieve full recovery of muscle 
function. Pipecuronium can be recommended as a 
long-acting neuromuscular blocker with predictable 
neuromuscular properties and an absence of cardio- 
vascular side effects. 
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Fifty-Seven Years Ago in 
Anesthesia & Analgesia 


E. I. McKesson: Nitrous oxid anesthesia: a consideration of some 
associated factors. Anesthesia and Analgesia: 1932;11:54-9. 


he author of this article. E. 1. McKesson (1881-1936). is of such stature in the history 

and development of anesthesia in the era between 1907 and 1930 to deserve a 

subsequent historical note all to himself. The subject of this paper itself is, neverthe- 
less, worthy of the attention of today’s anesthetist. Not that it deals with nitrous oxide. It 
doesn't, except to emphasize that premedication with hyoscine (scopolamine). morphine, 
and a barbiturate to the point of sedation, never ‘deep sleep.’ is absolutely essential prior 
to administration of nitrous oxide. The “associated factors’ are what make the substance of 
this paper noteworthy. They provide a rare glimpse into the realities of everyday practice of 
anesthesia and surgery in the 1920s and 1930s. Take. for example, the statement. sure to be 
enigmatic to most modern anesthetists, that during thyroid surgery “nitrous oxid-oxygen 
may be administered under pressure to compensate for the partial obstruction to respiration 
until the vessels are tied.” First. this reflects the fact that in this era the main reason for 
thyroid surgery was hyperthyroidism, not non-toxic nodular goiters. Second, since there was 
no effective way of controlling hyperthyroidism medically. surgery was resorted to. Third. 
when resorted to, surgery all too often involved the real risk of potentially lethal intra- or 
postoperative thyroid storm. Because surgical risk was so substantial. surgery was some- 
times delayed until thyroid enlargement had progressed to the point it impaired the airway. 
Finally, because of the danger of thyroid storm. surgery consisted not of thyroidectomy, but, 
instead, ligation of the arterial blood supply to the thyroid. often in stages and often using 
local or, at the most. nitrous oxide anesthesia. Another insight into anesthetic and surgical 
problems to be gained from this paper centers about intraoperative management of foreign 
bodies in the trachea or bronchi, including “a tooth, fillings. a wad of gauze or cotton, an 
adenoid or tonsil, a blood clot. or a chunk of food vomited and inspired.” At this time 
tonsillectomies were routinely done in the sitting position without tracheal intubation. 
Tracheal intubation was infrequently used. even for major surgery. much less for “simple” 
T and A’s. What to do when aspiration did occur in the days before even rigid, much less 
fiberoptic, bronchoscopes were available? Why. give oxygen to lighten the depth of 
anesthesia until the cough reflex was restored. The patient then “usually™ coughed out the 
foreign body. What happened when the patient could not cough out the foreign body is not 
dwelt upon. No need to. Too obvious. These and other insights offered in this article make 
us appreciate how far we have come in the last 57 years. No cause for self-congratulation, 
complacency, or a smug sense of our own superiority, though. How primitive may 
anesthetists 57 years from now, in 2046. regard our practices today? 
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A Glossary of Anesthetic Jargon 


Edmond I. Eger II, mp 


Key Words: PUBLICATIONS, ANESTHETIC JARGON. 


“. . . there arises from a bad and unapt formation 
of words a wonderful obstruction to the mind.” 
Sir Francis Bacon (1) 


The purpose of language is to transmit facts, ideas, 
and feelings. As with scientific communication in 
general, clarity and conciseness advance communica- 
tion in medicine. To convey information quickly, we 
often resort to slang, jargon, acronyms, and other 
forms of stylistic shorthand, in the process perhaps 
losing more than we gain. 

Why should we care how we communicate, so long 
as our meaning is clear? If our argot provides a 
compact and efficient expression of complex con- 
cepts, isn’t it a desirable and useful tool? Should not 
~ our professional language evolve and incorporate 
new forms of expression? These are valid arguments. 
The counter arguments are several. The language of 
anesthesia is not universally accepted and, thus, we 
communicate best, sometimes only, to our confreres. 
Our jargon is not always clear or concise and some- 
times sabotages the very attempt to be so. The use of 
slang or jargon may result in ambiguity, imprecision 
of thought, and an unprofessional image. 

The following glossary contains words and 
phrases overheard in conversations and conferences, 
or read in our journals. Statements in parentheses or 
brackets indicate a preferred usage. A similar glos- 
sary was prepared by Tolmie and Birch (2). 


Aspirate. The patient was aspirated. (Secretions were 
aspirated.) Patients, lungs, and subarachnoid spaces 
are not aspirated; blood, secretions, or cerebrospinal 
fluid may be aspirated. The imprecision lies in apply- 
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ing a technique to the whole patient, rather than the 
appropriate part. 


Bag. I bagged the patient. (“I ventilated the lungs of 
the patient by hand [or manually].)’’ To bag indicates 
ventilation produced by squeezing a reservoir bag; 
we bag things (groceries, cement) or animals (a brace 
of pheasants), not people. 


Block. The patient was blocked. (A nerve block was 
used.) The error again lies in applying a technique to 
the whole patient, rather than a portion of the pa- 
tient. An additional problem is the arbitrary conver- 
sion of a noun to a verb. “Block” may be appropri- 
ately used in “brachial block” but may be ambiguous 
when used in “spinal (or epidural) block.” “Spinal 
block” may mean something quite different to our 
neurologist colleagues who may get nervous when 
patients have a “spinal block.” In addition, Greene 
has made a case for not using “block” at all, at least as 
it is applied to the central nervous system (3). He 
argues that we would be served better by substituting 
the word “anesthesia” when nerve transmission is 
interrupted (e.g., spinal or epidural anesthesia with 
lidocaine,) or “analgesia” when only analgesia is 
produced (e.g., with a narcotic placed in the epidural 
or subarachnoid space.) Thus he would eschew the 
use of “block” except where morphologic obstruction 
occurs; and he would have us carefully distinguish 
between the meaning of “anesthesia” and “anal- 
gesia.” His approach eliminates ambiguity and im- 
proves precision. 


Bolused. The man was bolused with 600 ml of fluid. (600 
mi of fluid were given.) The problem (with this and 
some subsequent words) again is the noun-to—a—verb 
(belused) conversion. Other examples are lesion to 
lesioned, tracheostomy to tracheostomized, tracheotomy to 
trached, shunt to shunted, dose to dosed, tachycardia to 
taching, and bradycardia to bradied. (Also see block.) 


Breathed. I breathed the patient 12 times a minute. (1 
ventilated the lungs 12 times a minute.) Considered 
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an alternative to ventilate, breathed unfortunately im- 
plies inspiration by the anesthetist. Worse is the 
statement: I breathed (or blew or gassed) the patient 
down. (I anesthetized the patient.) 


Code. The patient was coded. (The patient had a car- 
diac arrest; and we applied CPR.) The word “code” 
derives from the now-universal use of “code-blue” 
to announce the development of cardiac arrest and, 
sometimes, treatment of the arrest. 


Crashed (or blitzed). The patient was crashed. (We in- 
duced anesthesia rapidly.) Crashed denotes the rapid 
induction of anesthesia, usually with agents given 
intravenously. The term also implies the rapid inser- 
tion of an endotracheal tube. 


Deep. l carried the patient deep throughout the case. (1 
maintained a deep level of anesthesia throughout the 
surgical procedure.) Deep and light are so ingrained in 
our vocabulary to indicate the level of anesthesia that 
their use has become an accepted (and proper) part of 
the language of our specialty. The problem is in their 
application. Both are adjectives, not adverbs: both 
describe a thing (deep blue sea) or state (deep level of 
anesthesia) not an act (such as jump or carry.) You 
cannot “carry deep,” but you may maintain “a deep 
level of anesthesia.” 


Difficult airway. The patient was a difficult airway. (The 
patient’s airway was difficult to maintain.) The prob- 
lem here is an equivalence state that defies reality, 
and the substitution of a whole for a part. Variants 
include: He was a full stomach, (He had a full stomach.) 
Or: He was a difficult intubation. (Intubation was dif- 
ficult. ) 


Digitalized. We digitalized the patient. (The patient 
was given digitalis.) The intent is to convey that 
digitalis was administered, and this usage is becom- 
ing accepted. However, ambiguity may result. We 
digitalized the patient could imply a rectal examination, 
or a binary transformation of the patient. 


Down. We put the patient down. (We anesthetized the 
patient.) The literal vs. intended meaning of “down” 
creates ambiguity. Another misuse: The patient bradied 
down. (The patient developed bradycardia.) Beyond 
the metamorphosis of bradied (see bolused,) the context 
makes down redundant. Down also has a spatial 
connotation that leads to ambiguity (also see dropped, 
fall, and rose.) 


Dropped. She dropped her Pao, from 75 to 58. (Her Pao, 
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decreased from 75 to 58.) It is unlikely that the patient 
actively produced the decrease in Pao,. Dropped is 
being used to indicate decreased. Only objects drop; 
quantities decrease. A variant is cut: Then I cut her 
down to 1%. (I then decreased the concentration to 
1%.) 


Estimate. Blood glucose concentrations were estimated. 
(Blood glucose concentrations were measured.) Al- 
though equated with measured, estimated implies that 
the concentrations of glucose were guessed rather 
than accurately determined. 


Extubate. We extubated the patient. (We removed the 
endotracheal tube.) Extubate is a perfectly good word, 
but here it is applied to the whole patient. The 
problem is doubled in the following: The patient 
extubated himself. (The patient removed his own en- 
dotracheal tube.) Parenthetically, tracheal rather than 
endotracheal might be used because one assumes that 
no exotracheal tube exists. Variants on the removal 
theme are: We pulled the tube. We sucked out the patient. 
More compact, but ambiguous and incorrect is: We 
aspirated the patient. (We aspirated secretions from the 
trachea.) 


Fall. The blood pressure fell. (The blood pressure 
decreased.) Fell denotes downward movement in 
space. Books fall to the floor and meteorites fall to 
Earth. Physiologic variables do not fall. Blood pres- 
sure and heart rate may decrease, but do not fall. 
(Also see dropped and rose.) 


Fast. The patient was fasted. (The patient fasted.) The 
verb fast is intransitive. That is, it cannot carry action 
from an agent (doer) to another agent or object 
(receiver), as in I dropped the ball. I fast, you fast or 
they fast, but we cannot fast another person. We may 
starve them, however. 


Gases. The misuses are several. Blood gases were 
measured. (Blood gas partial pressures were measured.) 
Blood gases were normal. This asserts that no abnormal 
gases (e.g., xenon) were present. (Blood gas partial 
pressures were normal.) Plasma electrolytes were normal 
presents the same problem, unless one is searching 
for an electrolyte not usually found in human blood. 
(Electrolyte concentrations in plasma were normal.) 
Another misuse: Blood gases were sampled from the 
artery. (Arterial blood samples were obtained for 
measurement of gas tensions.) Gases are not sampled 
from an artery. 


Induced. We induced the patient. This common expres- 
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sion exemplifies the inaccuracy of verbal shorthand 
and, in fact, is no shorter than the correct statement. 
(We induced anesthesia.) Anesthesia was induced with 
thiopental and succinylcholine. Succinylcholine does not 
induce anesthesia. (Anesthesia was induced using 
thiopental; and muscle relaxation was provided with 
succinylcholine.) 


Intubate. We intubated her. Or worse: We tubed the 
patient. (We intubated the trachea. Or: We inserted an 
endotracheal tube.) The incorrect statements could 
mean that the patient was placed in a tube, or was 
made into a tube, or that a tube was placed in a 
convenient cavity. Sometimes, it is not the patient 
who is intubated: We did a fiberoptic intubation. The 
statement literally indicates that the fiberoptic instru- 
ment was intubated. (We used a fiberoptic broncho- 
scope to facilitate intubation.) 


Lined. He was lined to get an arterial trace. (We inserted 
an intra-arterial catheter to obtain arterial blood pres- 
sure.) The patient who has intravenous or intra- 
arterial catheters inserted is not lined. Lined suggests 
an artistic tone. Zauder has cleverly detailed the case 
against lines (4). 


Mask induction. Mask induction was begun. Was the 
mask to be anesthetized? (We induced anesthesia via 
a mask.) This beauty contains two errors: We masked 
the patient down. (We induced anesthesia via a mask.) 


Mask ventilate (or delivered gas X.) We mask ventilated. 
Or: I gave her mask halothane. One hopes that the mask 
itself wasn’t ventilated. (We ventilated via a mask. 
Or: I administered halothane via a mask.) Similar to 
mask induction, the usage is intended to indicate 
ventilation or administration of an anesthetic via a 
mask, but the literal meaning is that the mask was 
ventilated or was the type of halothane. A variant of 
mask ventilating (or bagging) is hand ventilate. I hand 
ventilated. (I ventilated the patient's lungs by hand.) 
Most of us would not ventilate a hand. 


Nauseous. Patients become nauseous after anesthesia. 
(Patients become nauseated after anesthesia.) They 
do not, by and large, become nauseous, i.e., cause 
nausea in others. 


On. The patient was put on a ventilator. Clearly, this 
would be an uncomfortable position for the patient. 
(The patient’s lungs were mechanically ventilated.) 
He was breathing spontaneously on isoflurane. (He ven- 
tilated spontaneously while breathing isoflurane.) On 
is widely used to indicate the application of some 
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management. The potential for misapplication is 
enormous. On nasal prongs is a particularly egregious 
variant: We put the patient on 5 liters of nasal prongs. (We 
gave 5 liters of oxygen via nasal prongs.) He was put 
on drug X. (He was given drug X.) 


Post- and Pre-. Post- and Pre- are prefixes used 
before adjectives, not nouns, e.g., post-operative, not 
post-operation. One should not use post—halothane 
or post—epidural. Similarly, pre-operative, not pre- 
operation medication. What ever happened to before 
and after? 


Pure. We gave pure oxygen. (We gave oxygen.) If we 
give pure oxygen, does this imply that others might 
not? Do we use pure because we desire to appear 
virtuous? It also is not usually necessary to say: We 


gave 100% oxygen. (We gave oxygen.) 


Pushed. We pushed the Pentothal. (We administered 
Pentothal. Better yet: We administered thiopental.) 
Pushed connotes administration of drugs or fluids, 
often in amounts that are greater than those usually 
given. 


Reversed. We reversed the pancuronium (or fentanyl or 
heparin, etc.) (We antagonized the effect of the pancu- 
ronium.) The intent is to indicate antagonism or 
reversal of an effect. The error is sometimes com- 
pounded by applying the term to the patient rather 
than the drug: We reversed the patient. (We antago- 
nized the paralysis.) 


Rose. The blood pressure rose. (The blood pressure 
increased.) The past tense of raise, rose denotes 
upward movement in space. The smoke rose, but the 
blood pressure increased. (Also see dropped and fall.) 


Spiked. The patient spiked a temperature. (The patient 
had a temperature spike.) The original statement 
implies that the temperature was nailed by the pa- 
tient. 


Stabilized. The patient was stabilized in the ICU. (The 
patient’s cardiovascular condition was supported—or 
stabilized—in the ICU.) The term is applied, incor- 
rectly, to the whole patient rather than a specific 
condition or system. A variant is: The patient was 
stabilized out. 


Started (or stopped.) We started the halothane. (We 
started the administration of halothane.) Started (or 
stopped) indicates initiation (or termination) of some 
therapy. Usually we start a process, not an object. 
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(in) Trendelenburg. We put the patient in Trendelen- 
burg. Alas, poor Freidrich. (We put the patient in the 
Trendelenburg position.) 


With. She was exchanging well with a nasal airway. Was 
the conversation recorded? (She ventilated easily 
through a nasal airway. Or: Insertion of a nasal 
airway permitted adequate ventilation.) This is a 
variant of on. However, I rather like the image of a 
patient holding a conversation with a nasal airway. 
The trachea was intubated with succinylcholine. (Admin- 
istration of succinylcholine facilitated intubation of 
the trachea.) A tube, not succinylcholine, was placed 
in the trachea. 


Anesthesiologists do use jargon in their writing, 
and use it still more when they speak. Surely, we do 
not wish our surgical and internist colleagues to 
believe that a function of an anesthesiologist is to bag 
patients. Being attentive to common errors might 
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abolish these inappropriate uses of language. Othe: 
wise, “... words... [may] . . . throw everythin 
into confusion, and lead mankind into vain an 
innumerable controversies and fallicies” (1). 
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The effect of the benzodiazepine midazolam on the intrave- 
nous toxicity of lidocaine with and without epinephrine was 
studied in male Sprague-Dawley rats. Test rats with and 
control rats without midazolam premedication (2.5 mg/kg 
intraperitoneally, 10% of the median dose that caused loss 
of the righting reflex in a third group of rats) were given 2% 
lidocaine with and without 10 ug/ml epinephrine intrave- 
nously in doses sufficient to construct log-dose response 


Systemic toxic reactions to local anesthetics are 
brought about by absolute overdosage, rapid absorp- 
tion from the injection site, and, most commonly, 
inadvertent intravascular injection (1). Whereas cen- 
tral nervous system (CNS) excitation leading to sei- 
zures is a common manifestation of local anesthetic 
toxicity, in the absence of effective treatment death is 
usually the result of CNS depression and respiratory 
arrest. 

Many investigators have documented the ability of 
benzodiazepines to increase the threshold for sys- 
temic reactions to local anesthetics (2-10). For in- 
stance, de Jong and Heavner recorded a two-thirds 
increase in the median convulsant dose (CD50) in 
monkeys after preadministration of diazepam intra- 
muscularly and also demonstrated the ability of in- 
travenous diazepam to attenuate and/or terminate 
lidocaine-induced seizures (2). Studies by Aldrete 
and Daniel (3) and by Ausinsch et al. (4) indepen- 
dently confirmed the beneficial influence of benzo- 
diazepines on local anesthetic toxicity. More recently, 
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curves for both convulsant and lethal responses. In control 
rats the median convulsant dose (CD50) of lidocaine was 
15.2 mgikg given alone and 10.9 mg/kg with epinephrine (a 
statistically significant difference); respective values for the 
median lethal dose (LD50) were 26.4 and 18.5 mg/kg (also 
statistically significant). While epinephrine enhanced lido- 
caine seizure activity and lethality by approximately 50%, 
midazolam almost completely prevented lidocaine-induced 
conoulsions but had no significant effect on mortality. 


Key Words: ANESTHETICS, Locat—lidocaine. 
TOXICITY, LOCAL ANESTHETICS—lidocaine. 
HYPNOTICS, BENZODIAZEPINES—midazolam. 


Vatashsky and Aronson found flunitrazepam to be 
more effective than diazepam in preventing seizures 
induced by local anesthetics (5). 

With the exception of a single study conducted on 
mice (6) there is little information on the possible 
ability of midazolam to increase the threshold for 
systemic reactions to local anesthetics. Additionally, 
local anesthetics often include epinephrine when 
used for nerve blocks, infiltration, or epidural injec- 
tion, yet there is a dearth of information on the 
interaction of benzodiazepines with local anesthetics 
containing: epinephrine. 

This investigation was undertaken to determine 
the effect of midazolam pretreatment on the intrave- 
nous toxicity of lidocaine with and without epineph- 
rine. 


Methods 


This study was approved by the Animal Rights 
Investigational Committee of the University of Cali- 
fornia, Los Angeles. Male Sprague-Dawley rats 
weighing between 100 and 140 g were housed in a 
light-controlled and temperature-controlled animal 
care facility. All injections were given between the 
hours of 2:00 p.m. and 6:00 p.m. Animals fasted from 
6:00 p.m. the day prior to their use in the study; water 


es 
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Table 1. Lidocaine-Induced Seizures in Control and 


Midazolam-Pretreated Animals 
—~— Midazolam 
Dose (mg/kg) Control* pretreatment 

Lidocaine (2%) 

13.3 2/5 _ 

20 7/10 0/5 

30 9/10 0/10 

45 7/9} 0⁄9 

68 —— 2/5 
Lidocaine (2%) with epinephrine 

(10 ug/ml) 

6.7 g5 an 

10 4/10 0/5 

15 9/10 0/10 

22.5 9/9 0/10 

34 a 0/5 


*Animals died/animals tested. 

tSudden death may have prevented the expression of seizure activity in 
2 animals. These data were not used im the construction of Figures 2 or 3, or 
in subsequent analyses. 


was supplied ad libitum. Each rat was randomly 
assigned to a treatment group and only used once 
(i.e., given a single dose of test drug). 

The intraperitoneal dose of midazolam hydrochlo- 
ride (5 mg/ml, Roche Laboratories) that produced loss 
of righting reflex in 50% of the animals (ED50) was 
determined by probit analysis of a standard dose- 
response curve involving the responses of 37 rats. 
Loss of righting ability was assessed by placing the 
animal on its back every 3 minutes after the injection 
of midazolam; rats that were not able to right them- 
selves within 5 seconds of this maneuver were con- 
sidered to have lost their righting ability. The time 
from injection to loss of righting reflex and the 
duration of the loss were also recorded in order to 
estimate the time to peak CNS depressant effect. 
Subsequent animals in the study were given midazo- 
lam intraperitoneally at a dose approximating 10% of 
the ED50. 

Ten minutes after midazolam pretreatment (the 
time interval that corresponded to the peak sedative 
effect of midazolam), animals were placed in a com- 
mercial restraining device, and 2% lidocaine hydro- 
chloride with and without 1:100,000 epinephrine 
(Astra Pharmaceutical Products, Inc.) were injected 
into a tail vein in doses sufficient to construct log- 
dose response curves for both convulsant and acute 
lethal responses (see Table 1 for the actual doses and 
number of animals used), Animals in the control 
groups received similar doses of local anesthetic 
without benzodiazepine pretreatment. Intravenous 
injections were made only after aspiration of blood 
into the syringe was obtained. Immediately after 
injection of lidocaine with or without epinephrine 
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Figure 1. Loss of righting reflex in response to intraperitoneal 
midazolam. Figures in parentheses indicate the number of animals 
responding versus the number tested at each dose. ED50 = median 
effective dose for loss of righting reflex. 


each rat was removed from the restraining device and 
monitored for a period of 60 minutes for convulsions 
and death. Determination of the incidence of convul- 
sions was based upon the observation of tonic con- 
tractions (arching of neck, stiffening of tail) and/or 
clonic seizures (whole-body jerks or bursts of running 
motions). Death was indicated by the cessation of 
respiratory efforts. 

Dose-response relationships were analyzed ac- 
cording to the description by Finney (11). A separate 
log dose-probit regression line was determined for 
each drug treatment using the maximum likelihood 
method, in which weighting coefficients are applied 
in a reiterative process to determine the line of best 
fit. The median response (ED50, CD50, or LD50, 
depending on the measured response) and its exact 
95% confidence limits were then calculated off of the 
regression results. The relative potencies (potency 
ratios and exact 95% confidence limits) of compared 
drug treatments were determined by parallel linear 
regression (also after probit transformation of the 
quantal response data). Tests for homogeneity, re- 
gression, and parallelism of regression were per- 
formed by x analysis (P < 0.05 being considered 


significant). 


Results 


Figure 1 illustrates the effect of midazolam on the 
righting reflex. Within 2 minutes after intraperitoneal 
injection, spontaneous activity of all the animals 
decreased markedly, as evidenced by a slowing of 
movement and decreased vocalizations when han- 
dled. Maximum depression occurred 10 to 15 minutes 
after midazolam injection, with many of the animals 
losing use of the hind legs. The righting reflex was 
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Table 2. Lidocaine-Induced Deaths in Control and 





Midazolam-Pretreated Animals 
Midazolam 
Dose (mg/kg) Control pretreatment* 

Lidocaine (2%) 

13.3 0/5 — 

20 2/10 0/5 

30 6/10 6/10 

45 9/9 8/9 

68 —— 5/5 
Lidocaine (2%) with epinephrine 

(10 ug/ml) 

6.7 0/5 — 

10 9/10 0/5 

15 1/10 2/10 

22.5 8/9 8/10 

34 a 5/5 


*Animals died/animals tested. 


also lost by this time in rats showing this response (19 
of 37 animals tested). Approximately 30 minutes after 
the injection the majority of animals began to show 
signs of recovery, as indicated by return of the 
righting reflex and/or increased exploratory behavior. 
Based on these results a midazolam dose of 2.5 mg/ 
kg, approximately one tenth the ED50 for loss of 
righting reflex (which was 24.3 mg/kg, with 95% 
confidence limits of 19.4 to 30.6 mg/kg), was used for 
premedicating rats before injection of the local anes- 
thetic. Even at these lower doses the animals showed 
signs of significant CNS depression, including a lack 
of resistance or vocalization when placed in the 
restraining device and injected with the local anes- 
thetic. 

Responses in the control group to lidocaine admin- 
istration were dose related. At low doses most ani- 
mals exhibited no obvious effects from the injection 
other than sedation. At the higher doses convulsions 
became prominent. Seizures lasted approximately 15 
seconds and were followed by either quick recovery 
(10 animals, most regaining locomotion within 2 
minutes) or death (15 animals). In 2 rats given the 
highest dose for the group (45 mg/kg) death occurred 
almost instantaneously and without observable sei- 
zures. The convulsant and lethal responses to intra- 
venous lidocaine are listed in Tables 1 and 2. The 
same general pattern of response was noted with 
lidocaine and epinephrine but at lower doses of the 
local anesthetic (Tables 1 and 2). Figure 2 illustrates 
how the addition of epinephrine increased the toxic- 
ity of lidocaine in animals not pretreated with mida- 
zolam. 

Rats premedicated with midazolam generally fol- 
lowed one of three patterns after injection of lido- 
caine: 1) prolonged sedation, 2) a state resembling 
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Figure 2. Control responses to lidocaine with and without epi- 
nephrine. The slopes of the probit regression lines are positively 
and significantly correlated with the log dose but not significantly 
different from each other at the .05 level. Median convulsant and 
median lethal doses (CD50s and LD50s) and the potency ratios 
derived from these curves (the latter represented by the horizontal 
displacement of the regression lines) and from Figures 3 and 4 are 
listed in Tables 2, 3, and 4. 
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Figure 3. Lack of influence of midazolam pretreatment on the 
lethality of lidocaine. 


general anesthesia during which the animals slept 
and were unresponsive to stimulation but from 
which they recovered, and 3) sudden death without 
overt evidence of convulsions. These general patterns 
of behavior were again unaffected by the coadminis- 
tration of epinephrine. | 

Only 2 of 59 rats premedicated with midazolam 
convulsed when given the local anesthetic (versus 47 
of 68 in the controls), which precluded establishment 
of a meaningful dose-response relation and calcula- 
tion of a CD50. Figure 3 displays the effect of mida- 
zolam on the lethality of lidocaine without epineph- 
rine, while Figure 4 does the same for lidocaine with 
epinephrine. It is clear from these figures that mida- 
zolam had no significant influence on lethality with 
either local anesthetic preparation. 

In summary (Table 3), epinephrine significantly 
reduced the CD50 and LD50 for lidocaine, whereas 
midazolam abolished convulsant responses to lido- 
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Figure 4. Lack of influence of midazolam pretreatment on the 
lethality of lidocaine with epinephrine. 


caine with or without epinephrine but was ineffective 
in preventing death. 


Discussion 


Until recently the most commonly used benzodiaze- 
pine for intravenous sedation and anesthesia was 
diazepam. Midazolam enjoys several advantages 
over diazepam, including less venous irritation on 
injection and less postoperative venous sequelae, a 
shorter elimination half-life, and possibly a more 
profound amnestic effect (12-16). These advantages 
are tempered by recent reports of fatalities associated 
with the use of midazolam for “conscious” sedation, 
particularly in elderly patients and in situations 
where monitoring may not have been ideal (17). With 
respect to seizure control, midazolam has been 
shown to be effective clinically in terminating convul- 
sions associated with alcohol withdrawal and with 
various forms of epilepsy (18). 

Our results support the findings of de Jong and 
Bonin (6) on the salutary effect of midazolam pretreat- 
ment on local anesthetic-induced seizures in mice. 
The ability of midazolam as an anticonvulsant relative 
to other benzodiazepines, however, has not been 
fully established. In their study de Jong and Bonin 
compared midazolam, diazepam, and lorazepam at 
equal doses (1 mg/kg) iniected intramuscularly. Mi- 
dazolam was found to be the most effective anticon- 
vulsant, but their study design neglected potential 
differences in potency and intramuscular absorption 
(19,20). A comparative evaluation of the benzodiaze- 
pines would seem to require the use of equally 
sedative (or anesthetic) doses adjusted as necessary 
to account for any differences in absorption. 

While midazolam proved effective in preventing 
convulsions in the present study, we found that it 
had essentially no influence on lidocaine lethality. 
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This conclusion is in contrast to that of de Jong and 
Bonin. In their study the LD50 of several local anes- 
thetics administered intraperitoneally was increased 
by the prior intramuscular administration of benzo- 
diazepines. The differences between their results and 
ours might be attributed to the different routes of 
administration used for the local anesthetics or to 
species-specific differences. However, one must ques- 
tion the previous authors’ conclusion, at least with 
respect to lidocaine, because they used historical data 
for controls in their study, and the actual differences 
in LD50 were quite modest (less than 11% increase in 
LD50 for both diazepam and midazolam pretreat- 
ment). The protective effect of benzodiazepines 
against bupivacaine lethality (approximately a 35% 
increase in LD50) was more substantial. As postu- 
lated by de Jong and Bonin, this benefit may be 
because bupivacaine produces severe cardiac toxicity 
that is preventable by benzodiazepine premedication. 
Alternatively, suppression of seizures may be more 
important with local anesthetics that elicit longer 
lasting and/or more pronounced muscular hyperac- 
tivity than does lidocaine. Since epinephrine appears 
to enhance local anesthetic lethality (discussed 
below), inhibition of catecholamine release from the 
adrenal medulla by a midazolam-induced sedative- 
antianxiety effect cannot be discounted. 

In our control animals the LD50 of lidocaine was 
more than 70% greater than the CD50 for both 
lidocaine with and without epinephrine. Thus, the 
margin of safety between convulsions and death was 
greater than that reported for mice (6,21). One reason 
for this discrepancy may be that the smaller mice are 
unable to tolerate even brief episodes of anoxia. As 
one moves up in size the ability to withstand short 
periods of hypoxia, hypercarbia, and/or lactic acidosis 
may increase, thus lessening the threat of seizures 
adding to the respiratory depression caused by the 
lidocaine, which has been shown to be the cause of 
death in studies of this kind (22). It is not surprising 
then that other investigators have observed progres- 
sively wider margins of safety between convulsant 
and lethal doses in larger animals, including cats and 
monkeys (23,24). 

The apparent ability of midazolam to block lido- 
caine seizures without reducing lethality represents a 
potential concern if the data from this study are 
applicable to humans. In situations where respiratory 
competence is not being routinely and continuously 
monitored by a professional whose sole responsibility 
is the anesthetic management of the patient, premed- 
ication with a benzodiazepine could conceivably com- 
promise patient safety by preventing or masking 
valuable warning signs and symptoms of impending 
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Table 3. Effects of Midazolam on Lidocaine-Induced Seizures (CD50) and Lethality (LD50) 


Control 

CD50 LD50 

Lidocaine 15.2 26.4 
(0--20.4) (22.4--31.4) 

Lidocaine with epinephrine 10.9 18.5 
: (8.8-12.9) (15.9-21.7) 

Potency ratiot 1.55} 1.424 
(1.02--2.10) (1.12-1.76) 


TORBINER ET AL. 
Midazolam pretreatment 
CD50 LD50 Potency ratio* 
— 29.5 0.88 
(22.8-36.3) (0.69-1.15) 
— 18.4 1.01 
(15.3-22.1) (0.82-1.25) 
— 1.63} . 
(1.26-2.07) 


Values in parentheses indicate the 95% confidence limits for each number given above. 


*Lethal potency ratio of control/midazolam. 
tLidocaine/lidocaine with epinephrine. 
Ratio significantly greater than 1 (P < 0.05). 


lidocaine overdose (including confusion, dizziness, 
circumoral numbness, tinnitus, restlessness, slurred 
speech, nystagmus, and visual disturbances), or the 
seizures themselves, any of which might prompt the 
clinician into taking appropriate action, such as stop- 
ping further administration, instituting meticulous 
monitoring of the patient, and providing ventilatory 
support. This concern, of course, does not apply to 
the therapeutic use of a benzodiazepine in the treat- 
ment of lidocaine-induced seizures. (Although not 
addressed in this study, it is widely accepted that 
benzodiazepines are drugs of first choice to terminate 
seizures in an emergency.) It is also possible that the 
risk to benefit ratio would still favor the judicious use 
of benzodiazepine premedication in older and/or de- 
bilitated patients who are potentially at special risk of 
local anesthetic seizures (25). 

It seems that a review of what benzodiazepines are 
actually protecting patients from during regional an- 
esthesia is in order. In our study, as well as in those 
of others, the dose of benzodiazepines used to pre- 
vent seizure activity may be sufficient to accentuate 
the respiratory depression of the local anesthetic, 
thus voiding whatever benefits are obtained by block- 
ing convulsions. Only by examining a wide range of 
doses and quantifying physiologic responses will it 
be possible to develop a full appreciation of the 
interaction of midazolam and other benzodiazepines 
with local anesthetic toxicity. 

Finally, as described in previous studies (22,26), 
the intravenous injection of lidocaine in combination 
with epinephrine significantly lowers the threshold 
for toxic reactions to the local anesthetic. The proba- 
ble reason for this potentiation is that epinephrine 
causes a greater proportion of the lidocaine to enter 
the CNS (27). The use of epinephrine in combination 
with local anesthetics has been advocated primarily 
due to the ability of epinephrine to retard the sys- 
temic absorption of the local anesthetic. This slower 
absorption provides a longer duration of anesthesia 
and, presumably, a decreased incidence of toxic re- 


actions. Indeed, the currently accepted maximum 
dosage of lidocaine is approximately 60% higher 
when epinephrine is added to the solution. It is now 
apparent that should accidental intravascular injec- 
tion occur, which is believed to be the most common 
cause of toxic reactions to lidocaine, the presence of 
the epinephrine may augment the threat of an ad- 
verse response. 
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MHS swine. Anesth Analg 1989;68:750-1. 


This study investigated the use of propofol in swine genet- 
ically susceptible to malignant hyperthermia (MH). Thir- 
teen animals were exposed to 2% halothane in inspired air, 
a propofol infusion of 12 mg-kg™?-hr~? for up to 45 min, or 
a combination of both. When MH was triggered the animals 
were treated with dantrolene. Mean onset time of malignant 
hyperthermia on exposure to halothane alone was 7.2 min 


The precipitation of malignant hyperthermia (MH) in 
genetically susceptible (MHS) individuals by expo- 
sure to certain anesthetic drugs and adjuvants ren- 
ders essential the screening for such property of all 
newly developed anesthetics (1). We report here on 
the screening in MHS swine of the newly introduced 
intravenous anesthetic propofol (2) to determine its 
potential for eliciting or preventing or attenuating 
halothane induction of MH. 


Methods 


Specially bred MHS Landrace swine (20-65 kg 
weight), initially identified by their positive MH 
response to a brief “barnyard” mask exposure to 
halothane (1), were selected for this study. Under 
thiopental/N,O/O, anesthesia with appropriate mon- 
itoring, the animals were exposed to propofol and 
halothane in the following protocol in random order 
and evidence of the onset of MH was sought: 1) To 
halothane alone; 2) To propofol alone for 45 min; 3) 
To propofol for 45 min followed by halothane alone; 
and 4) To both propofol and halothane simulta- 
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+ 3.0 min and onset with propofol and halothane was 5.0 
+ 2.5 min. In no instance did propofol alone trigger the 
syndrome nor was there a statistical difference (P < 0.05) in 
onse: time when the drug was used in conjunction with 
halothane. On the basis of these results, we conclude that 
propofol is almost certainly safe for use in humans who are 
susceptible to MH. 


Key Words: ANESTHETICS, INTRAVENOUS— 
propofol. HYPERTHERMIA—malignant. 


neously, with propofol given ten min before expo- 
sure to halothane. 

In each of the above circumstances except the 
second, halothane was to be continued until trigger- 
ing of MH occurred or, failing this, for 60 minutes. 
Exposures were separated by 72 hours to ensure 
adequate recovery of the animals. Individual animals 
were submitted to procedures 1, 2 and 3 or 1, 2 and 4. 

All animals were anesthetized with 4 mg/Kg i.v. 
thicpental (ear vein on first occasion, jugular cannula 
subsequently), intubated and mechanically ventilated 
with N,O/O, (FiO, = 0.4) using a non-rebreathing 
circuit. Minute volume was regulated to maintain 
Paco, in the range 40-45 mm Hg. Pao, ranged from 
180-220 mm Hg while the mean pH during control 
periods was 7.412 (+/—0.05). 

The internal carotid artery and jugular vein were 
cannulated by cut-down in the neck providing access 
to arterial blood samples for serial measurements of 
blood gas tensions and acid/base status (Radiometer), 
arterial and venous pressure monitoring (Hellige), 
and administration of fluids and drugs. The ECG was 
monitored using skin electrodes, the temperature by 
means of a thermistor probe (ELAB) inserted deep 
into the thigh muscle mass, and FCO, by sampling 
of gases at the proximal tracheal tube mount by 
capnography (Morgan). 

Following anesthesia and the establishment of a 
hemodynamic steady state, propofol was adminis- 
tered as a continuous intravenous infusion of 12 
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Table 1. MH Onset Times 


MH Onset Times 


Drug Exposure (in minutes) 


Number of 








Protocol Mean SD Animals 
Halothane Z2 t30 13 
Propofol No MH — 13 
Propofol Halothane 8.7 + 4.4 7 
Propofol + Halothane 5.0 2.5 6 
mg-kg '-hr ' (the upper limit of the recommended 


human dose) (2). Halothane 2% in inhaled air was 
administered into the fresh gas flow by means of a 
Fluotec Mark 2 vaporizer. 

The onset of MH (1) was manifested by all of the 
following: 1. Muscle fasiculation proceeding to rigor, 
seen in the supine pig most clearly by extension of 
the hind legs; 2. A gross increase (>2%) in FCO; (a 
manifestation of the development of metabolic and 
respiratory acidosis); 3. Tachycardia and an increase 
in blood pressure (manifestations of the systemic 
release of cathecolamines); 4. A progressive fulmi- 
nant increase in body temperature of 1°C/5-10 min, 
terminating halothane exposure after a rise above 
40°C. 

In these experiments the commencement of a 
progressive extension of the hind legs was recorded 
as the time of onset of MH. Increases in F-CO, and 
core temperature were measured thereafter as confir- 
matory evidence of the onset of the syndrome. Fur- 
ther evidence of the initiation of the syndrome was 
sought in the gross increase in serum creatine phos- 
phokinase (CPK) levels 24 hours later. 

When triggered, MH was allowed to continue until 
an increase in core temperature at 1-2°C had oc- 
curred. The animals were then treated, following 
discontinuance of halothane, by the administration of 
dantrolene, 4.2% sodium bicarbonate, and hyperven- 
tilation with 100% oxygen. 

The statistical significance of differences in mean 
times to onset of MH was tested by Student's t test 
(P < 0.05). 


Results 


Results are summarized in Table 1. Exposure to 
halothane triggered MH in all animals. No animal 
developed MH when exposed to propofol alone. 
Administration of propofol failed to prevent or atten- 
uate halothane triggering of the syndrome (protocols 
3 and 4), there being no statistically significant differ- 
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ence in times of onset. On each occasion that MH was 
clinically evident its presence was subsequently con- 
firmed by many-fold increases in serum CPK levels 
sampled at 24 hours. 


Discussion 


Despite their heterogeneity, no intravenous anes- 
thetic agent has been shown to trigger MH in suscep- 
tible patients (1). However, an effect on halothane 
provocation of MH has been attributed to althesin, 
thiopental and etomidate. Althesia has been reported 
to block it (3), thiopental to attenuate (4) and etomi- 
date to enhance the time of onset of MH (5). 

Our observations show that propofol, does not 
trigger MH in MHS swine nor has it any modifying 
effect on halothane provocation of the syndrome. 
These data indicate that propofol may be safely used 
as an anesthetic for individuals known to be suscep- 
tible to MH. 

Study of propofol in MHS swine for its effects 
alone and on halothane induction of MH as described 
indicates that propofol neither elicits nor modifies 
halothane induction of malignant hyperthermia in 
MHS swine. We conclude that propofol may be safely 
used as an anesthetic in patients known to be sus- 
ceptible to MH. 


We acknowledge with thanks our indebtedness to Brian Sasman 
tor the screening, anesthesia of and establishment of monitoring in 
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This study examined global hemodynamic responses to 
increasing concentrations of halothane and isoflurane in 
pigs with an acute critical coronary stenosis (CCS) on the 
left anterior descending coronary artery (LAD), The CCS 
was caused by graded inflation of an hydraulic occluder to 
the point where no hyperemic response was observed follow- 
ing a 10 sec. total LAD-occlusion. A minute, piezoelectric 
epicardial Doppler probe applied without dissection was 
used to monitor the stenosis. Previously reported minimum 
alveolar concentrations (MAC) were used as endtidal con- 


Halothane causes dose-dependent depression of 
myocardial performance (1,2). In hearts supplied by a 
‘critically’ narrowed coronary artery, ventricular func- 
tion responds in a similar way to halothane (3). 
Studies of regional myocardial fibre length, ventricu- 
lar wall thickness and myocardial metabolism during 
halothane anesthesia have shown aggravated and 
eventual permanent dysfunction in the areas of isch- 
emic myocardium (3-6). Halothane given to patients 
with coronary artery disease has been shown not to 
influence myocardial oxygenation (7-9). 

Isoflurane causes less myocardial depression and 
thus affects ventricular function less than halothane 
(10). In humans with ischemic heart disease, how- 
ever, isoflurane with nitrous oxide or with thiopen- 
tone causes coronary vasodilation and myocardial 
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centrations ({Et]). The [Et] was increased stepwise until 
eack animal died. Recordings obtained in this study were 
compared to recordings obtained during similar stepwise 
increments of these anesthetics in pig preparations without 
CCS. Isoflurane had a significantly less depressant effect on 
glotal hemodynamics compared to halothane and caused 
death at higher MAC than halothane in either case. A 
critical LAD-stenosis caused no major changes in the 
general dose-response pattern of isoflurane but further 
aggravated the depression of cardiac output and stroke 
volume induced by increasing concentrations of halothane. 


Key Words: HEART—coronary artery occlusion. 
ANESTHETICS, voLatiteE—halothane, isoflurane. 
ANESTHESIA, CARDIOVASCULAR. 


ischemia explained by a mechanism of coronary steal 
(11,12). Animal studies with isoflurane and coronary 
stenosis have demonstrated the opposite, i.e. pre- 
served regional myocardial function and endocardial 
blood flow with conflicting evidence of coronary steal 
(13,14). A “critical coronary stenosis” has been de- 
fined as a stenosis that prevents reactive and active 
hyperemia of total coronary blood flow without af- 
fecting resting blood flow (15,16). The vascular bed 
distal to such a degree of narrowing is maximally 
dilated and subendocardial vasodilator reserve ex- 
hausted (17). 

We hypothesized that a critical coronary stenosis 
would affect coronary vascular reserve in such a way 
as to amplify inherent differences between halothane 
and isoflurane. Epicardial collateralization is species 
dependent. In this study, swine were used to mini- 
mize the influence of coronary collaterals. Experi- 
ments were performed in pigs with similar degree 
coronary stenosis during exposure to equivalent step 
increments in [Et] of halothane or isoflurane until 
each animal died in order to examine how different 
concentrations of halothane and isoflurane influence 
global myocardial function. 


HALOTHANE, ISOFLURANE, AND LAD-STENOSIS 


Materials and Methods 
Instrumentation 


Fourteen young male mongrel pigs (Sus scrofa) 
weighing 26-37 kg fasted 12 hours before the exper- 
iments. Anesthesia was induced without premedica- 
tion with one of either inhalation agent in oxygen via 
animal anesthesia mask. Muscle relaxant and main- 
tenance fluids were given in a catheter placed in an 
ear vein. Tracheal intubation was performed via the 
tracheotomy following muscle paralysis. Animals 
were kept normothermic with external heating lamps 
and warming blankets and ventilated with a volume- 
controlled ventilator to get a pCO, of 35-45 mm Hg. 
Aortic pressure (AP) was transduced via the right 
common carotid artery. Pulmonary arterial pressure 
(PAP), pulmonary artery wedge pressure (PCWP), 
right atrial pressure (RAP), and thermodilution- 
determined cardiac output (CO) were measured via a 
7F thermodilution catheter inserted via the internal 
jugular or the femoral vein. AP, PAP, and ECG were 
continuously displayed and recorded. Coronary per- 
fusion pressure (CPP) was calculated as diastolic 
aortic pressure minus PCWP. CO was measured in 
triplicate at each recording using injections of iced 5% 
dextrose. Arterial blood gas tension and pH were 
measured frequently during each experiment. End- 
tidal concentrations of isoflurane ([{Et],,,) and halo- 
thane ([Et]haio) were measured in gas samples with a 
calibrated mass spectrometer (Perkin Elmer) in 
samples continuously aspirated from the endotra- 
cheal tube. Surgery was performed at about 1 MAC 
[Et]agent With the anesthetist administering more or 
less agent according to clinical signs of stress in the 
animal. The pericardium was exposed through a 
median sternotomy and the heart was suspended ina 
pericardial cradle. A small glycerine-filled hydraulic 
occluder was placed proximally on the left anterior 
descending coronary artery (LAD) after a circumfer- 
ential dissection. An oiled 3-0 silk ligature was placed 
loosely around the vessel next to the occluder and 
rigged via a tube with inner diameter of 0.5 mm. Thus 
rapid on/off occlusion of the vessel could be created to 
produce coronary reactive hyperemia. LAD coronary 
blood flow velocity was measured with a 20 mHz 
piezoelectric ultrasonic pulsed Doppler probe (18) 
placed in a lightweight (<0.5 g), 5 mm diameter 
silicone suction cup (19). The probe was attached on 
the LAD with vacuum just distal to the occluder and 
the snare. The position was adjusted to obtain a 
maximum phasic signal. The signal was meaned via a 
pulsed Doppler flowmeter. The presence or absence 
of reactive hyperemia was determined by observing 
changes in the distal flow velocity following 10-sec 
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arterial occlusions. By gradually expanding the oc- 
cluder with glycerine via a micrometer we established 
the critical coronary stenosis (CCS) at the point where 
the LAD occlusion caused no reactive hyperemia 
upon release. This has been considered to occur 
when a stenosis is such that distal coronary vascula- 
ture is maximally dilated (15). The critical stenosis 
was made during MAC [Et] of either anesthetic prior 
to recordings. This stenosis (i.e., volume of glycerine 
in the occluder) was not changed during the experi- 
ment. Control animals had similar instrumentation 
without CCS creation. These animals were tested 
with brief (15 sec) LAD-occlusions at each MAC level 
to quantitate coronary reserve (20). 


Drugs 


We used 1.45% [Et]iso and 1.25% [Et]hai as MAC for 
pigs (21,22). No premedicants or other drugs were 
given during the study, except succinylcholine as 
needed to maintain muscle paralysis. 


Experimental Protocol 


Since only one anesthetic was tested in each experi- 
ment, each pig served as its own control with control 
levels defined as 0.5 MAC of either agent. Fourteen 
pigs were randomly assigned to two groups, 7 to be 
anesthesized with isoflurane (ISO STENOSIS), 7 with 
halothane (HALO STENOSIS) after being prepared 
as described above with a critical LAD stenosis. To 
assess effects of the anesthetic agents in presence of a 
CCS, we used data from animals exposed to identical 
surgery and isoflurane or halothane concentrations 
but without CCS. These 14 control animals were 
randomly assigned to anesthesia with isoflurane (ISO 
CONTROL, N = 7) or halothane (HALO CONTROL, 
N = 7) using similar, equipotent MAC-increments 
(20). 

Recordings were done at steady-state [Et] of 0.5, 
1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 MAC of each 
anesthetic until the animal died. At least 15 minutes 
was allowed for blood-brain equilibration at each 
concentration prior to recordings. 


Statistical Analysis 


Each pig served as its own control with reference 
level being 0.5 MAC. Values were tested for normal- 
ity and presented as mean + Sem. Analysis of vari- 
ance for repeated measures (ANOVA) was per- 
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Table 1. Endtidal Isoflurane or Halothane Concentrations (ET), Carbon Dioxide Tension, and pH in Pigs With or 
Without a Critical Stenosis on the Left Anterior Descending Coronary Artery. Values are Mean + SEM 


0.5 1.0 1.25 1.5 175 2.0 295 3 MAC ANOVA 

N 
ISO contr. 7 7 7 7 7 7 7 4 
ISO sten. 7 7 7 7 7 7 7 5 
HALO contr. 7 7 7 6 3 — — - 
HALO sten. 7 7 7 5 2 
Et % 
ISO contr. 69 + .02 1.45+ .01 1.84 + .02 2.16 +.02 2.54 + .01 2.88 + .01 3.6 + .01 4.26 + .03 
ISO sten. 72+ 01 149+ %3 1.80 + .01 2.21 + .02 2.55 + .02 2.91 + .03 368+ 04 4.34+ż .01 
HALO contr. 62 + .01 1.26 + .01 1:5701 1.86 + .01 2.21 + .02 — ~ — 
HALO sten. + 01 1.25 + .01 1.56 + .01 1.89 + .01 2.2 + .02 — — ~ 
PaCO, 

(mm Hg) 
ISO contr. 38: 1 38 + 1 38 +1 36 38 +1 39 +1 38 + 2 38 +3 
ISO sten. 38 + 1 3641 36 + 1 35 +1 37 + 1 38 + 2 38 + 4 36 +1 
HALO contr. 38 + 3 37-22 39 + 2 34 +2 NS 
HALO sten. 39 + 2 38 + 2 32 + 3 40 +1 ~ — z ~ 
pH 
ISO contr 7.49 + .01 7.51 + .01 7.52 + .02 7.52+ 01 749+ 01 7.47+ .02 7.49+ .02 7.41 + .02 
ISO sten 7500+ 01 750+ 01 7.514 .02 7.53+ 01 750+ .01 7.46+ .02 748+ .02 7.48 + .02 
HALO contr 7.52 + 03 7542.02 7.45 ż .02* 7.52 2.04 — - - -— $ 
HALO sten. 7.45 + .02 7.46 + 01% 7.45 02 7.49 + .03 - _ - 


Legends: MAC, minimum alveolar concentration; ISO contr., isoflurane group without critical coronary stenosis (CCS) on LAD; ISO sten., isoflurane group 


with LAD-CCS; HALO contr., halothane group without LAD-CCS; HALO sten., halothane group with LAD-CCS; N, number of animals alive following 15-min 
stabilization; Et %, endtidal concentration of anesthetic; PaCO., arterial carbon dioxide tension. Statistics: ANOVA: NS, not significant; $, sigrificant 
interaction between group and MAC; *, P < 0.05 vs control (0.5 MAC); a, P < 0.05 vs HALO control. 


formed for each response variable in order to test 
effects of CCS, the anesthetic agents and dose. Ac- 
cordingly, independent variables were anesthetic 
concentration (MAC) and the 4 groups (with/without 
CCS, isoflurane, or halothane). If the F-value of the 
group by MAC interaction was significant; (i.e., the 
rate of change in the dependent variable was signif- 
icantly different between the groups), the dose effects 
were evaluated for each group and the group effect 
for each concentration level with t-tests. If interaction 
was insignificant, the main effects of dose (MAC 
effect) and group belonging (group effect) were tested 
as contrasts. Due to the earlier deaths observed in the 
halothane groups and the small number of remaining 
animals, such comparisons were only possible up to 
1.5 MAC for all 4 groups. In the isoflurane group, 
analysis of variance and comparisons within and 
between isoflurane groups were performed sepa- 
rately up to 3 MAC. To test differences in the slopes 
of the dose-response patterns in each group, linear 
regressions between the response variable and indi- 
vidual [Et].gene Were performed for each experiment. 
The a-value of the calculated formula y = ax + b of 
each experiment was compared between the groups 
with and without stenosis using two-tailed, unpaired 
t-tests. 


Follow-up tests were performed with Bonferroni 
adjustment to protect the overall p-value for a general 
significant level of 0.05. All statistical analyses were 
performed using Statistical Analysis System {SAS 
82.4) or a StatPac computer program. 


Results 


Table 1 shows the number of animals alive after a 
15-min stabilizing period at each MAC-level of iso- 
flurane or halothane. [Et] of isoflurane and halo- 
thane, arterial carbon dioxide tension and pH are also 
shown in Table 1. Hemodynamic variables are pre- 
sented in Table 2. We found no significant difference 
between groups at 0.5 MAC [Et]. Both anesthetics 
caused dose-dependent, significant decreases in aor- 
tic pressure, cardiac output, and stroke volume but 
the decrease became apparent at lower concentra- 
tions of halothane than isoflurane. MAP was signifi- 
cantly less at 1.0 MAC than at 0.5 MAC with both 
agents, but MAP decreased more with halothane 
than isoflurane at all levels above 0.5 MAC. CO and 
SV decreased with increasing concentrations of halo- 
thane from 1.0 MAC. In the isoflurane groups, the 
reduction was significant compared to 0.5 MAC at 
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Table 2. Hemodynamic Effects of Increasing Endtidal Isoflurane and Halothane Concentrations in Pigs With or Without 
a Critical Stenosis on the Left Anterior Descending Coronary Artery 


HR (beats-min™') 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
MAP (mm Hg) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
CARDIAC OUTPUT 
(L-min“*) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
STROKE VOLUME 
(ml-beat7*) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
MPAP (mm Hg) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
PCWP (mm Hg) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
CPP (mm Hg) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 
SVR 
(dynes-sec™!.cm~) 
ISO contr. 
ISO sten. 


(dynes-sec™!.cm7”) 
ISO contr. 
ISO sten. 
HALO cont. 
HALO sten. 
RAP (mm Hg) 
ISO contr. 
ISO sten. 
HALO contr. 
HALO sten. 


0.5 


108 + 11 


QI 

Qə 

“J 

i+ 
TEF 


38.6 + 4.7 
35 + 1.7 

47.9 + 4.3 

35,1. 4 


1.0 1.25 
100 + 7 94 +6 
92 + 6 92 +5 
86 + 7 98 + 8 
102 + 6 106 + 7 
65 + 3* 62 = 2" 
56 + 4* 53 + 5* 
4j + 3" 37 ż 2* 
49 + 3* 47 = 4* 
3.58 + .57 3.05 + .34* 


2.69 + .09 2.59 = .15* 
2.88 + .45" 2.67 + .41* 
oleae oer. e026" 


36.5 + 5.8 33.1 + 4.0 


29.8 + 1.7 28.3 41.7 
33.2 + 5.3” 27.4 + 4* 
23.7 © 3.3" 22.8 = 4.1" 
17 £2 18 +3 
li 3 11 + 4 
19 +2 18 + 2 
1924 16:43 
10+1 ll + 1 
441 7x4 
10 +2 12 4 1 
6+1 73) 
43 + 3} 39 + 3} 
42+5 39 + 4 
19 +3 15°22 
6:3 3443 


1698 + 211 1656 + 225 1745 + 202 
1813 + 181 1680 + 179 1661 + 202 
1297 + 288 1671 + 644 1321 + 281 
1595 + 1041743 + 156 1690 + 96 


311 + 48 
239 + 56 
292 + 64 
349 + 35 


NA 
J&Z 
NA 
6+1 


462 +114 531 + 110 
322 + 91 377 + 165 
573 + 25 496 + 126" 
463 + 81 407 + 71 
Bt 2 5i 
8417 10 £ 2° 


1.5 


2.74 + .36* 
2.36 + .12* 
1.74 + .40* 
1.71 + .37* 


31.4 + 4" 

26.8 + 2.1* 
18.2 + 3.9" 
17.1 + 4.4 


1804 + 211 
1819 + 176 
1584 + 341 
2029 + 208 


496 + 110 
339 + 58 


932 + 203* 


621 + 146 


541 


175 


86 + 4* 
91 + 6" 

(113 + 8) 

(118 + 18) 


54 + 2" 
51 + 4" 
(25 + 8) 
(53 + 6) 


2.55 + 235" 
2.43 + .11* 
(1.7 + .5) 

(2.27 + .18) 


30.2 + 4.2* 
27.3 + 1.9* 
(15.4 + 4.6) 
(20 + 4.5) 


(21 + 4) 


8 +3 
541 
(14 + 3) 
(9 + 1) 


1906 + 279 
1665 + 107 
(1288 + 479) 
(1840 + 52) 


490 + 153 
365 + 55 

(900 + 333) 
(766 + 82) 


TER 


seer 


2.0 2.5 3MAC ANOVA 
93 +5 95 +6 105 + 12 
94 +7 82 + 14* 92 +9 
~ - $ 
50 + 2* 36 + 6* 28 + 9* 
48 + 4* 38 + 7* 34 + 4* 
_ - $ 
2.36 + .33* 2.07 + .4* 1.96 = .67* 
2.29 + .17* 1.72 + .21* 1.61 + .11* 
— = — $ 
25.9 + 3.8* 21.8 + 4* 18.3 + 6* 
25 + 2.6* 18.3 + 2.5* 14.5 + 4.9* 
~ _ ~ $ 
13 +3 13 42 13 +2 
1+2? i345 4+3] 
= ae NS 
9+ 3 8 +3 pe & 
å+? 6242 8+2 P< .05 
= ies = P< 05 
28 + 4 19 +2 13+3 & 
32 +5 28 + 6 19+4 
: j | P< 0 
1899 + 263 1422 +115 1209 + 368 
1697 + 129 1926 +167 1680 + 171 
— - — $ 
458 + 128 563 + 172* 975 + 541* 
367 + 58 629 + 238* 685 + 170* 
— - — $ 
843 8+3 
| p< 


Legends: See Table 1. HR, Heart rates; MAP, mean aortic pressure; MPAP, mean pulmonary artery pressure; PCWP, pulmonary artery wedge pressure; 
CPP, coronary perfusion pressure; SVR, systemic vascular resistance; PVR, pulmonary vascular resistance; RAP, right atrial pressure. ANOVA: NS, not 
significant; NA, not analysed; $, significant interaction between group and MAC; &, significant contrast between groups; |, significant contrasts between 
MAC-levels vs 0.5 MAC. Follow-up tests: *, P < 0.05 vs control (0.5 MAC); a, P < 0.05 vs ISO sten. Values in ( ) are not included in ANOVA with follow-up 


tests. 
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1.25 MAC for CO and from 1.5 MAC for SV. Heart 
rates (HR) decreased with increasing isoflurane con- 
centrations at 1.5 and 1.75 MAC. Systemic vascular 
resistance (SVR) was however not affected by either 
agent, level of concentration or presence, or absence 
of stenosis. Calculated coronary perfusion pressure 
(CPP) was overall lower at 1, 1.25, and 1.5 MAC with 
ejther agent when compared to 0.5 MAC values. In 
the halothane groups, CPP was higher in animals 
with CCS. PCWP was lower with than without CCS 
during both anesthetic agents. Right atrial pressure 
(RAP) was similar at 0.5 MAC in the two groups with 
CCS. It remained unchanged in the isoflurane group 
with CCS. It increased significantly, however, with 
increasing concentrations of halothane in CCS ani- 
mals. Pulmonary vascular resistance (PVR) increased 
in nonstenotic animals anesthesized with halothane 
at 1.25 and 1.5 MAC and in isoflurane animals at 2.5 
and 3 MAC. Mean pulmonary artery pressure was 
unaffected both by absence or presence of coronary 
stenosis and by anesthetic agent or concentration. 

Table 3 shows the results of analyzing the linear 
regression slopes for each individual experiment. It 
appears that with isoflurane, the presence of a CCS- 
LAD caused no shift in the slope of dose-response 
pattern for HR, MAP, CPP, MPAP, PCWP, CO, SV, 
and SVR. Contrary, in the halothane group, presence 
of a CCS-LAD affected the slopes of the linear regres- 
sion for HR, CO and SV. With CCS-LAD, HR were 
higher and CO and SV lower than without CCS. 
Also, animals given halothane were different from 
those given isoflurane in comparing the regression 
equations from experiments with CCS-LAD in that 
they showed significantly different slopes for HR, CO 
and SV. 


Discussion 

We consider this porcine model of coronary artery 
stenosis to be relevant for studying the dose-response 
effects of inhalation anesthetics during conditions of 
compromised myocardial blood flow. Unlike canine 
myocardium, in the porcine myocardium few suben- 
docardial and epicardial collaterals exists in the non- 
diseased heart and they are considered to be similar 
in extent and location to those found in healthy 
human hearts (23,24). A critical coronary stenosis as 
defined will reduce vessel diameter by 88-93% (10) 
but resting coronary flow is reduced about 9-19% 
(16,17). Patients with coronary artery disease with 
severe coronary stenoses (vessel reduced 75-98% in 
diameter), generally do not have collaterals that can 
be demonstrated angiographically (25). Therefore, 
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Table 3. Comparison of the Coefficients from Linear 
Regressions of Individual Endtidal Anesthetic 
Concentrations and Response Variables 


Isoflurane with Halothane with Halothane vs 


Response vs without vs without isoflurane with 
variable LAD-CCS LAD-CCS LAD-CCS 
HR NS P = 0.0004 0.016 
MAP NS NS NS 
MPAP NS NS NS 

CPP NS NS NS 
PCWP NS NS NS 

CO NS P = 0.015 P = 0.0009 
SV NS P = 0.014 P = 0.0044 
SVR NS NS NS 


NS, not significant. P-values are from unpaired, two-tailed t-tests. 


the exposure to inhalation anesthetics and surgery in 
this pig model may reflect the conditions during 
ischemic heart disease in man with critically stenosed 
but not totally occluded coronary arteries. A pig 
preparation with an acute critical stenosis of the LAD 
is a useful, reproducible model of ischemia although 
it may not mimic chronic, occlusive multivessel cor- 
onary disease in man. We did not interfere with 
cardiac mechanics except for the minimal LAD dis- 
section. The invasive variables recorded are those 
usually available during human surgery. 

The major finding of this study is that a single 
critical LAD coronary stenosis (LAD-CCS) does not 
change the hemodynamic dose-response effects of 
isoflurane whereas it seems to further impair global 
myocardial function when using halothane. 

Our hemodynamic findings thus confirm the ob- 
servation that halothane-induced depression of 
global myocardial function differs from that of iso- 
flurane (26). Our data differ somewhat from the 
results of Lowenstein et al. who found a well- 
preserved cardiovascular function in dogs with a 
critical LAD-stenosis exposed to increasing halothane 
concentrations (3). However, regional myocardial 
dysfunction in the LAD-territory was demonstrated 
by measuring myocardial fibre length although sys- 
temic hemodynamics were considered appropriate 
for the anesthetic concentration and there were no 
ECG changes. They found significant difference in 
segment length and contraction patterns between the 
LAD segment and normal myocardium starting at 
0.5% inspired halothane. It was concluded that the 
absence of global impairment of LV function does not 
preclude regional ischemic dysfunction in areas sup- 
plied by critically narrowed coronary arteries (3). We 
found that with halothane, a CCS-LAD did reduce 
CO and SV and increased HR. One explanation may 
be that, although we do not provide data without 
anesthesia, the observed differences in CO and SV 
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between pigs given halothane with and without 
stenosis might be reflecting more baseline differences 
at 0.5 MAC halothane than the LAD-CCS. Pigs with 
LAD-CCS had numerically (but not statistically) re- 
duced CO and SV already at 0.5 MAC halothane. 
Another possible explanation is the different animal 
model we used. Since canine myocardia have exten- 
sive collaterals, collateral flow might have compen- 
sated the reduced and pressure-dependent blood 
flow distal to the stenosed LAD so that only local 
signs of ischemic dysfunction were detectable in the 
study by Lowenstein et al. In the pig, collateral inflow 
to the compromized territory distal to the LAD-CCS 
is less likely. Thus, although we did not measure 
regional function, we propose that the LAD-CCS 
caused regional dysfunction that could not be allevi- 
ated by collateral inflow and thus caused reductions 
in global myocardial function in our pig model. 

A critical coronary artery stenosis eliminates auto- 
regulation in the subendocardium while the subepi- 
cardial vasodilator reserve remains intact (17). During 
increased myocardial oxygen demand, further dilata- 
tion of epicardial coronary arteries may produce in- 
creased blood flow to the epicardium through a redis- 
tribution of myocardial blood flow with a potentially 
deleterious transmural steal, and decreased subendo- 
cardial perfusion may be created (27). Direct pharma- 
cologic dilation of coronary vessels could cause the 
same decrease in coronary vasodilator reserve. We 
have previously shown halothane to cause a signifi- 
cant reduction in coronary reserve in pigs at 1.25 and 
1.5 MAC halothane (20). This may explain in part the 
regional dysfunction in areas supplied by a critically 
narrowed LAD by a mechanism of transmural steal in 
spite of constant or even reduced oxygen demand. 
Since perfusion distal to the stenosis is pressure de- 
pendent due to the restricted flow, dose-dependent 
reduction in coronary perfusion pressure would also 
be augmented by simultaneous epicardial vasodila- 
tion. With isoflurane in equipotent concentrations to 
halothane, the coronary vasodilator reserve is un- 
changed (20). It is therefore likely that perfusion distal 
to the stenosis in the halothane group was more 
pressure dependent than in the isoflurane group since 
halothane per se causes a reduced coronary vascular 
reserve. We found higher coronary perfusion pressure 
with isoflurane than with halothane in animals with 
critically narrowed LAD, and we propose that this 
may explain why halothane caused death at signifi- 
cantly lower concentrations than isoflurane (28). CCS- 
LAD animals anesthesized with halothane had higher 
CPP than nonconstricted exposed to halothane but 
lower than the isoflurane group with CCS-LAD. Thus, 
in spite of significantly higher CPP in halothane ani- 
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mals with LAD-stenosis, cardiac function did not 
improve nor survive to higher MAC of halothane. 

One may argue that the definition of a critical 
coronary stenosis is not good enough. A stenosis 
sufficient to exhaust dilator reserve without changing 
blood flow at rest is reached at a reduction of between 
75-90% of vessel diameter (15,16). Various reports 
indicate the reduction in resting coronary flow at this 
degree of stenosis which varies from very little to 19% 
(15,5,16). Such decrements in coronary blood flow are 
too small to cause myocardial ischemia which in other 
animal studies have been shown to appear with 
coronary flow reductions of approximately 40-50% 
(5,29,30). However, a CCS would deplete coronary 
reserve and make myocardial perfusion dependent 
on changes in perfusion pressure and redistribution 
of transmural flow caused by the volatile anesthetics. 
Further, a critical coronary stenosis would be more 
similar to the situation where the coronary artery 
diameter was reduced by disease but not occluded. A 
significant coronary stenosis in man describes a ves- 
sel with a diameter reduction of 75-90% (15,16). 
Patients with coronary heart disease and critical ste- 
nosis of coronary vessels (75-98% reduced vessel 
diameter) generally do not have collaterals that may 
be demonstrated angiographically (25). The pre- 
sented pig model with poorly collateralized myocar- 
dia and a CCS, might therefore be relevant to test 
hemodynamic effects of volatile anesthetics. 

In summary, graded increments of isoflurane in 
pigs with a single, critical LAD stenosis did not cause 
larger impairment of global ventricular function than 
in animals without coronary stenosis. With halothane 
during similar conditions, CO, and SV decreased 
while HR and RAP increased indicating deteriorating 
cardiac function. Although the compromised myocar- 
dial territory with a single, critical LAD stenosis may 
be too small to cause significant global myocardial 
ischemic dysfunction in well-collateralized myocar- 
dium, halothane was clearly more depressant on 
myocardial function than isoflurane in this noncolla- 
teralized pig model. 
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Fade in response to tetanic stimulation was studied follow- 
ing administration of atracurium 120 or 225 pg/kg, vecu- 
ronium 23 or 40 pg/kg, pancuronium 30 or 60 pg/kg, or 
d-tubocurarine 185 or 450 pg/kg. Ten patients received 
each dose and tetanic fade was measured at maximum block 
in the patients, who received the lower doses of the relaxants 
or at 10% recovery in those who received the higher doses. 
Fade during tetanic stimulation was generally similar in all 
the groups with the exception of the higher dose of pancu- 


ronium which showed a significantly greater fade in com- 
parison with the higher doses of atracurium and d- 
tubocurarine. If fade in response to tetanic stimulation 
represents a prejunctional effect, the results from the 
present study suggest that neuromuscular blocking drugs 
cannot be differentiated with respect to their relative pre- 


junctional effects by measurement of tetanic fade during 


established block after administration of clinically useful 
doses as used in the present study. 


Key words: NEUROMUSCULAR RELAXANTS— 
d-tubocurarine, pancuronium, atracurium, 
vecuronium. 





Fade in response to tetanic or train-of-four (TOF) 
stimulation following administration of non-depolar- 
izing neuromuscular blocking agents is a characteris- 
tic of their activity. It has been suggested that this 
response is mediated by a prejunctional action (1-4). 
Furthermore it has been shown that different non- 
depolarizing relaxants exert different degrees of pre- 
junctional effect, as shown by different degrees of 
TOF or tetanic fade (5-7). These studies have shown 
that d-tubocurarine has a greater prejunctional effect 
than pancuronium. Studies of tetanic fade in man 
have, however, been carried out using only small 
doses of relaxants (7) and it is not known whether 
this distinction persists during well-established block 
and when somewhat larger doses of relaxants, such 
as those administered clinically, are used. Moreover 
the relative degree of tetanic fade associated with the 
relatively newer relaxants atracurium and vecuro- 
nium is not well documented. The present study was 
designed to assess the fade in response to tetanic 
stimulation following administration of two different 
doses of atracurium, vecuronium, pancuronium, and 
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d-tubocurarine to assess their relative prejunctional 
actions. 


Methods 


Eighty patients ASA physical status I or II aged 20-65 
vears were included in the study after obtaining their 
informed consent and Regional Ethical Committee 
approval. They were premedicated with oral diaze- 
pam and anesthetized with thiopental 5 mg/kg, ni- 
trous oxide in oxygen, and fentanyl 4-8 pg/kg. Ven- 
tilation was assisted to maintain end-tidal carbon 
dioxide in the 4.5-5.0% range. No volatile agents 
were used during the study period. Neuromuscular 
monitoring was carried out by stimulation of the 
ulnar nerve at the wrist through cutaneous electrodes 
with supramaximal square wave impulses of 0.2 msec 
duration at a frequency of 0.1 Hz. The resultant force 
of adductor pollicis contraction was measured and 
recorded using a force displacement transducer and a 
neuromuscular function analyzer (Myograph 2000). 
Following a period of stabilization of control twitch 
height, 10 patients each were randomly allocated to 
receive atracurium 120 or 225 ug/kg, vecuronium 23 
or 40 wg/kg, pancuronium 30 or 60 pg/kg, or d- 
tubocurarine 185 or 450 ug/kg. These are the respec- 
tive EDs) and EDs (doses required for 50 and 95% 


760 ANESTH ANALG 
1989:68:759-62 





“igure 1. Representative records of two patients given ED; 
‘upper record) and ED,; (lower record) of vecuronium. The speed 
of the recording has been increased and the gain reduced in the 
ipper recording during the tetanic stimulation. The two arrows 
represent the time of administration of the relaxant and the 
application of the tetanic stimulus. 


Fade=B/, 


Figure 2. Diagrammatic representation of peak tetanic height (A) 
and the tetanic fade (B/A). 


block of the twitch height respectively) for these four 
agents, determined previously using a single dose 
method (8-10). The maximum block achieved in each 
patient was measured. Tetanic stimulation was ap- 
plied at 50 Hz for 5 seconds at 10% recovery in 
patients who received a 95% blocking dose of relaxant 
or at the stage of maximum block in patients to whom 
a 50% blocking dose had been administered. A rep- 
resentative recording is shown in Fig. 1. Measure- 
ments were made of the height of the tetanic contrac- 
tion at the start of the tetanus (A) and at the end of 
the 5-second period (B) and the tetanic fade (B/A) 
calculated (Fig. 2). Statistical analysis of the data was 
by analysis of variance followed by t-tests. 


Results 


The eight study groups were comparable in their 
physical characteristics apart from patients given 
ED.) doses of atracurium and ED.) doses of d- 
tubocurarine, who were relatively younger (Table 1). 
The average degree of neuromuscular block pro- 
duced by the two different doses of each relaxant is 
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also shown in this table and is close to their expected 
effects. 

The average peak tetanic contraction (A) and the 
degree of tetanic fade are given in Table 2. The peak 
contractions are given in mm and varied from 12.8 to 
21.3 mm representing tensions of 1.28 to 2.13 kg 
following administration of the ED; doses and from 
2.4 to 3.5 mm representing tensions of 0.24 to 0.35 kg 
following the ED,; doses. There was no significant 
difference in either the peak tetanic height (A) or in 
the tetanic fade (B/A) in the groups given the EDs, 
doses of the relaxants. There was again no significant 
difference in the peak tetanic height in groups given 
EDs of the agents. Analysis of variance, however, 
showed that significant differences were present in 
the tetanic fade between the groups given this dose of 
the relaxant. Further analysis by t-tests showed that 
this was due to significantly greater fade observed 
with this dose of pancuronium in comparison to 
d-tubocurarine and atracurium (P < 0.05). 


Discussion 


Fade in tetanic response is generally considered to 
represent a prejunctional effect of non-depolarizing 
neuromuscular blocking drugs (4,7,11,12) and the 
greater the fade, the greater is thought to be the 
relative prejunctional effect. These studies have 
shown, for example, that d-tubocurarine is associated 
with greater tetanic fade and consequently greater 
prejunctional effect than pancuronium. 

A direct comparison of newer relaxants with each 
other or with pancuronium and d-tubocurarine using 
tetanic stimulation has not been reported, although it 
has been shown that atracurium and d-tubocurarine 
are associated with greater fade and consequently 
greater prejunctional effect than pancuronium and 
vecuronium during the onset of block using TOF 
stimulation (13). It was also suggested by Calvey and 
his co-workers (14) that atracurium acts at sites other 
than the postjunctional receptor. The results from the 
present study, however, suggest only minimal differ- 
ences in tetanic fade between the relaxants both after 
establishment of the block and during recovery. Ob- 
servation of greater fade with one dose of pancuro- 
nium is perhaps incidental and exceptional to the 
main findings of the present study. 

The disparity of results cannot be explained by 
different modes of stimulation used, since results 
from studies of Stanec and Baker (7) using tetanic 
stimulation and those of Williams, Webb, and Calvey 
(6) and Brady et al. (13) using train-of-four (TOF) 
stimulation both showed the occurrence of greater 
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Table 1. Patient Characteristics and the Degree of Neuromuscular Block Produced 


Dose 

Drug ug/kg n 
Atracurium ED- 120 10 
EDos 226 10 

Vecuronium EDso 23 10 
EDs 40 10 

Pancuronium EDs 30 10 
EDos 60 10 

d-tubocurarine EDso 185 10 
EDs 450 10 


Table 2. Peak Tetantic Tension and Fade 





Peak tetanic 

















tension Tetanic fade 
mm + SD mean + SD 
EDs» EDs ED«, ED- 
Atracurium 21.3 3.54 0.67 O.51T 
+14.8 +150 +0.29 +().24 
Vecuronium 16.3 2.43 0.75 0.34 
+13.6 +0.48 +0.29 +0.19 
Pancuronium 14.8 3.22 0.77 02A 
+18.1 E22 +31 +0.08 
d-tubocurarine 12.8 2.61 0.68 0.40* 
+10.8 +1.98 +0.32 *();23 





Differences significant between groups *P < 0.05; tP < 0.005. 


fade with d-tubocurarine during the onset of block. 
The dosage of the relaxants used and whether the 
fade is measured during the onset or the offset of 
block may be the important determinants of fade. 
While Stanec and Baker (7) were able to demonstrate 
different degrees of fade between pancuronium and 
d-tubocurarine during tetanic stimulation, they were 
using only small doses of the relaxants, namely 1.0 
and 3.0 mg respectively. On the other hand, Williams 
et al. (6), Pearce et al. (15), and Brady et al. (13) 
showed different degrees of fade with comparatively 
larger doses of relaxants using TOF stimulation dur- 
ing the onset of block. It appears that once a relatively 
profound block has been established, the variations 
between drugs in prejunctional and postjunctional 
receptor affinity disappear due to occupation of both 
types of receptors. This appears to be true not only in 
relation to tetanic stimulation as used in the present 
study, but also using TOF stimulation as shown by 
other workers (13,16,17). 

It would have been reasonable to suggest that the 
results may have been influenced by the different 
durations of action of the relaxants particularly in the 
groups receiving the higher dose of the relaxants 


Age Weight Max block 
Yr:= sp kg + sp % + SD 
30 +12.5 72+ 13.6 Da 25.5 
44 + 18.0 71 + 8.8 99 + 1.6 
45 + 16.5 74 + 15.2 48 + 20.2 
46 + 16.9 65 + 10.5 97 + 3.6 
53 + 13:8 66 + 14.1 62 = 25:2 
58 + 11.2 76 + 13.4 100 
31 = 16.6 64 + 11.6 So 2 23,0 
49 + 12.4 73 = 103 99 + 2.1 


where the assessments were made at 10% recovery. 
However this does not appear to be the case since 
d-tubocurarine and pancuronium have a similar du- 
ration, yet show quite different degrees of fade. The 
same is true for atracurium and vecuronium, which 
again have a similar duration of action but exhibit 
different degrees of tetanic fade. 

In conclusion, the results of the present study 
show there to be little difference in the degree of 
tetanic fade following administration of atracurium, 
vecuronium, pancuronium, and d-tubocurarine in 
doses equivalent to their EDs, or ED; doses, when 
fade is measured during well-established block. If 
fade in response to tetanic stimulation does represent 
a prejunctional effect, then the results from the 
present study suggest that it is not possible to differ- 
entiate between relative prejunctional effects of relax- 
ants under such circumstances employing tetanic 
stimulation. It is likely that in clinical situations such 
differentiation can be made only during the onset of 
block since little difference in fade has been demon- 
strated between relaxants during recovery from block 
using TOF stimulation (16,17). It is possible that all 
the receptor sites, both postjunctional and prejunc- 
tional, are saturated once neuromuscular block has 
been well established. 
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Maintenance of Oxygenation during One-Lung Ventilation 


Effect of Intermittent Reinflation of the Collapsed Lung with Oxygen 


Gunnar Malmkvist, MD 


MALMKVIST G. Maintenance of oxygenation during 
one-lung ventilation: effect of intermittent reinflation of the 
collapsed lung with oxygen. Anesth Analg 1989;68:763-6. 


The aim of this study was to evaluate the effect on oxygen- 
ation of intermittent inflation with oxygen of the collapsed 
lung during one-lung ventilation (OLV). Sixteen patients 
were studied during pulmonary surgery. Balanced anesthe- 
sia with nitrous oxide and an inspired oxygen fraction of 
0.5 was used. The control group (N = 8) had a median 
PaO, of 19.2 (range 11.2-30.2) kPa before OLV, and 10.2 
(8.2-16.0) kPa after 9 minutes of OLV without further 


One-lung ventilation (OLV) during thoracotomy im- 
plies a risk of hypoxemia irrespective of ventilatory 
pattern used (1-4). To minimize this risk, several 
techniques have been suggested (5) including inter- 
mittent reinflation of the intentionally collapsed lung 
(6). However, the benefit of this modification of OLV 
has been questioned (5). The present study was 
designed to evaluate clinical usefulness and the effect 
of intermittent oxygen reinflation of the collapsed 
lung on oxygenation during OLV. 


Methods and Patients 


Sixteen patients (15 men) were studied during elec- 
tive thoracotomy. Patients were randomly allocated 
to either OLV (control group, median age 66 years) or 
to OLV combined with intermittent reinflation of the 
upper lung (inflation group, .median age 66 years). 
Age, smoking habits, diagnosis, site and type of 
surgery performed are listed in Table 1. 

Anesthesia was induced with thiopental (2.5-6.5 
mg-kg”* intravenously). Succinylcholine was used to 
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reduction in PaO, for another 10 minutes. In the treatment 

(inflation) group, the collapsed lung was manually inflated . 
with 2 liters of oxygen and was then immediately allowed to 

collapse again. This procedure was repeated every 5 minutes 

during OLV. PaO, increased more than 4 kPa following 

each inflation in seven patients. In the eighth, PaO, 

remained high throughout OLV. Although PaO, decreased 

between inflations, it never reached the level observed in 

controls during 19 minutes of OLV. 


Key Words: ANESTHESIA—thoracic. 
VENTILATION—one-lung ventilation. 


facilitate intubation with a Carlens double lumen 
tube. Meperidine was given intravenously after intu- 
bation (50-100 mg) and was used throughout the 
procedure for analgesia and in response to coughing 
or movements during surgery. Total doses of mepe- 
ridine ranged from 350-800 mg. Fentanyl was substi- 
tuted for meperidine during one case because of 
tachycardia. Relaxation with alcuronium (0.2-0.3 
mg:kg~" intravenously) was used to facilitate posi- 
tioning of the patient on the operating table; further 
doses were rarely necessary. A Teflon cannula was 
inserted in the radial artery shortly after induction of 
anesthesia. 

Ventilation with nitrous oxide at an inspired oxy- 
gen fraction (F,O,) of 0.5, as measured by a Siemens- 
Elema O, analyzer 110, was performed with a Servo 
Ventilator 900 B, (Siemens-Elema, Solna, Sweden). 
The ventilator was set at a rate of 20 min™’, an 
inspiratory time of 25% and an end-inspiratory pause 
time of 10% of the respiratory cycle, and zero end- 
expiratory pressure. Inspired volume was adjusted to 
yield an end-tidal CO, tension of 4.5-5.5 kPa” as 
measured by a Siemens-Elema CO, analyzer 930. 
Inspired volume was not changed subsequently, nor 
were any other ventilator settings. 

All patients were operated on in the full lateral 


kPa-7.502 = mm Hg. 
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Table 1. Patients 








Patient Age Smoking’ Diagnosis Side Surgery 
Control Group 
1 57 20 Adenosquamous cancer L Lobectomy (lower lobe) 
3 63 50° Squamous cancer R Explorative thoracotomy (inoperable) 
6 66 40 Adenosquamous cancer R Lobectomy (upper lobe) 
7 76 Never Adenocarcinoma L Lobectomy (upper lobe) 
10 67 20 Bronchioloalveolar cancer L Lobectomy (upper lobe) 
11 65 50° Adenosquamous cancer R Pneumonectomy 
15 73 Nil for 8 yrs Squamous cancer R Lobectomy (lower lobe) 
16 38 Never Carcinoid L Lobectomy (lower lobe) 
Inflation Group 
2 65 20 Squamous cancer L Explorative thoracotomy (inoperable) 
4 68 20 Squamous cancer R Pneumonectomy 
5 54 60 Fibroma R Lobectomy (middle lobe) 
8 58 Nil for 5 yrs Silicosis R Wedge resection 
9 74 75° Bronchioloalveolar cancer R Bilobectomy (superior) 
12 64 10 Squamous cancer R Bilobectomy (inferior) 
13 67 50° Mycobacteriosis L Segmental resections 
14 67 10 Adenosquamous cancer L Lobectomy (lower lobe) 


Cigarettes per day; "grams of pipe tobacco per week. L = left; R = right. 


decubitus position. During OLV the pleura was 
open, and the upper lung was allowed to collapse 
with its tube lumen open to the atmosphere. F;O, of 
gases delivered to the lower lung was kept at 0.5. In 
patients in the inflation group, the upper lung was 
intermittently inflated manually with 100% oxygen 
with the use of a 2-liter anesthesia rubber bag (Fig. 1). 
The bag was emptied into the lung by a single 
compression immediately after which the inflation 
device was removed, and the lung was allowed to 
collapse again. Inflations were performed after 5, 10, 
and 15 minutes of OLV. All patients were closely 
followed for clinical signs of hypoxia, in the event of 
which oxygen inflations were to be delivered as 
needed. Surgery was not interrupted, and no 
branches of the pulmonary artery were ligated during 
the study period. 

Blood was drawn from the arterial cannula for 
subsequent measurement of PaO, and PaCO,. Sam- 
ples were taken 1 minute before, 2, and 4 minutes 
after the start of OLV, and then 1 and 4 minutes after 
inflations (Fig. 2). In the control group, sampling was 
performed at corresponding times. Samples were 





Figure 1. Device for reinflation of the upper lung during OLV 
shown in position. A, 2-liter anesthesia rubber bag. B, T-piece. C, 
Tube connector. D, From oxygen source. E, Ventilator connector 
with one of the limbs—F—clamped during OLV. G, Carlens tube. 


immediately placed in melting ice and analyzed with 
an automated blood gas analyzer (IL 413, Instrumen- 
tation Laboratories, Lexington, MA) within 20 min- 
utes of obtaining the last sample. 

The significance of differences within groups was 
assessed with Wilcoxon's two-sided signed rank test. 
Differences between groups were tested with the 
two-sided Mann-Whitney’s test. 


Results 


No clinical signs of hypoxia were detected and, 
therefore, no extra inflations of the upper lung with 
oxygen were performed in either group. 

In the control group, median PaQ,, 19.2 (range 
11.2-30.2) kPa before OLV, decreased to a minimum 
of 9.4 (7.6-10.8) kPa after 19 minutes of OLV (P < 
0.02). PaO, decreased between the 2nd and 4th and 


INTERMITTENT OXYGEN INFLATION DURING OLV 
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Figure 2. Arterial oxygen tension (PaO,, median and range) in the 
control group (C--—-©) and inflation group (#——®). Arrows 
indicate inflations. P values for differences between groups de- 
noted by *P < 0.05; **P < 0.02, and “*P < 0.01. 


the 4th and 6th minute (P < 0.01). The lowest PaO, 
(7.1 kPa) in this group was recorded after 16 minutes 
of OLV (patient no. 15). 

In the inflation group, median PaO,, 19.2 (range 
9.8-28.1) kPa before OLV, decreased to a minimum of 
12.9 (6.4-24.3) kPa before the first inflation, i.e., after 
4 minutes of OLV (P < 0.05). In seven patients, PaO, 
had increased by 1 minute after each oxygen inflation 
and subsequently decreased to values that were, 
however, higher than corresponding values in the 
control group. In the eighth patient, no. 2, PaO, 
remained virtually constant throughout the investi- 
gation period (20.3-25.5 kPa). The lowest PaO, (6.4 
kPa) in this group was recorded after 4 minutes of 
OLV in patient no. 8, who also had the lowest PaO, 
4 minutes after each inflation (7.0, 7.4, and 8.4 kPa). 

Before the first inflation, PaO, did not differ be- 
tween the groups. Thereafter, PaO, in the inflation 
group was always higher than at corresponding times 
in the control group (Fig. 2). 

Median PaCO, was 4.7-5.4 kPa; there were no 
significant differences between groups and no signif- 
icant changes within groups (P > 0.05). 


Discussion 


During OLV median PaO, was reduced with a con- 
siderable spread of values; this agrees with earlier 
reports on gas exchange during thoracic surgery (6— 
11). Hypoxemia during OLV is mainly due to right- 
left shunting through the collapsed lung (12). Differ- 
ences between patients in arterial oxygenation during 
OLV may in part be explained by the preoperative 
state of the lung to be operated on (13); a lung in 
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which perfusion is already reduced affects PaO, less 
when it collapses during OLV than does a lung with 
normal perfusion. The major decrease in PaO, among 
controls occurred within 10 minutes of OLV; this 
agrees with previous studies in which nitrous oxide 
has been used (10,11). 

Throughout the present study, patients were ven- 
tilated with an equal parts mixture of nitrous oxide 
and oxygen. An increase in FO, during OLV would 
probably have increased median PaO, (11,14), but 
not even an F,Q, of 1.0 can always protect the 
individual patient from impaired oxygenation (8). 
This is because an increase in F,O, does not greatly 
improve PaO, in the presence of large right-left 
shunts (15). Avoidance of nitrous oxide during lung 
surgery, therefore, does not avoid the problem of 
hypoxemia during OLV. 

No attempt was made to maintain inflation of the 
upper lung after the two-liter re-expansion had been 
accomplished, and no oxygen was delivered to the 
collapsing lung between inflations. Nevertheless, af- 
ter the first inflation, PaO, values were at all times 
higher in the inflation group than in the control 
group. Thus, the beneficial effect of each inflation 
persisted to the next, even if at a gradually decreasing 
level. Intermittent reinflation (IR) of the upper lung 
with oxygen every 5 minutes increased PaO, in every 
patient except no. 2, who had cancer growing into 
pulmonary arterial branches at the hilum. Blood flow 
through the operated lung, therefore, was probably 
reduced, which explains why PaO, was unaffected by 
OLV and reinflations. 

The IR interval of 5 minutes provided a PaO, of at 
least 9.4 kPa in all patients but no. 8 (see Results). 
This patient had silicosis, and it may be that a shorter 
IR interval is needed to maintain oxygenation during 
OLV in patients with restrictive lung disease. The 
usefulness of the pulse oximeter in lung surgery with 
OLV has been demonstrated (16), but such equip- 
ment was not available at the time of this study. Use 
of pulse oximetry would have allowed the timing of 
IR to be optimized. 

A drawback with IR is that it may disturb the 
surgeon with whom the timing of inflations must be 
agreed. Because of this drawback and the lack of 
documentation of the effects of IR (5), the procedure 
has been recommended only hesitantly (17) or as a 
last resort (18). Instead, insufflation of oxygen at a 
constant positive pressure is advocated. In the au- 
thor’s department, this approach is also used, but it is 
supplemented with IR whenever needed as indicated 
by pulse oximetry. 

In summary, this study demonstrates that during 
one-lung ventilation using balanced anesthesia with 
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an equal parts mixture of oxygen and nitrous oxide, 
manual reinflation with oxygen of the upper lung 
every 5 minutes substantially improves oxygenation. 


I am indebted to Lars Nordström, MD and Olof Werner, MD for 
reviewing the manuscript. 
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Subclavian Perivascular Block: Influence of Location of Paresthesia 


Rosemary Hickey, Mp, Teresa A. Garland, Mp, Somayaji Ramamurthy, Mp 


HICKEY R, GARLAND TA, RAMAMURTHY S. 
Subclavian perivascular block: influence of location of 
paresthesia. Anesth Analg 1989;68:767~—71. 


Subclavian perivascular block of the brachial plexus was 
used in 156 adult patients undergoing orthopedic hand and 
forearm surgery. The location of the elicited paresthesia 
prior to deposition of 30 ml of a solution containing 1% 
mepivacaine, 0.2% tetracaine and 1-200,000 epinephrine 
was recorded. Twenty minutes later the quality of the block 
in the distribution of the superior, middle and inferior 
trunks of the brachial plexus was evaluated. Anesthesia in 
each of the three trunks was compared with the three sites 


The subclavian perivascular technique of brachial 
plexus block, as first described by Winnie and Collins 
in 1964 (1), has proven to be a valuable method of 
providing anesthesia for surgery of the hand and 
arm. In this technique, local anesthetic is deposited 
within the subclavian portion of the fascia enclosed 
Space containing the brachial plexus and extending 
from the cervical transverse processes to beyond the 
axilla (2). The trunks of the brachial plexus are anes- 
thetized as they lie within this subclavian perivascu- 
lar space. The elicitation of paresthesia in the distri- 
bution of one of the trunks of the plexus is the most 
commonly used method to determine correct needle 
placement within the brachial plexus sheath. Dis- 
crimination of which trunk has been stimulated is not 
routinely done. The concept of a continuous peri- 
neural brachial plexus sheath makes it logical to 
assume that this discrimination is unnecessary. Dep- 
osition of local anesthetic subsequent to a superior, 
middle, or inferior trunk paresthesia should result in 
adequate anesthesia because all are closely located 
and contained within the brachial plexus sheath. 
However, it has been our clinical impression that the 
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where the paresthesia was elicited (superior, middle, or 
inferior trunk). A middle trunk paresthesia was the most 
successful in producing surgical anesthesia of all three 
trunks. A superior trunk paresthesia was the paresthesia 
most often elicited. It resulted in a significantly lower 
incidence of inferior trunk anesthesia than did a middle or 
inferior trunk paresthesia. Complications included arterial 
puncture (25.6%), Horner's syndrome (64.1%), and recur- 
rent laryngeal nerve block (1.3%), with no instances of 
symptomatic phrenic block or symptomatic pneumothorax. 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—brachial plexus. 


location of the elicited paresthesia is a critical factor in 
determining the final quality of the block. The pur- 
pose of this study was to correlate the distribution of 
anesthesia with the location of the elicited paresthe- 
sia. We will also note the incidence of complications 
associated with the technique. 


Methods 


The Institutional Review Board provided approval 
prior to initiation of the study. Included in the 
study were 156 ASA physical status I or II patients 
scheduled to undergo orthopedic hand and forearm 
surgery under brachial plexus anesthesia. After ob- 
taining written informed consent, patients were in- 
structed that they may feel an “electric shock” sen- 
sation in the arm and that they should verbally 
communicate the particular location on the arm 
where they felt it. The subclavian perivascular bra- 
chial plexus block was then carried out as follows: the 
patient was placed in the supine position with the 
head turned opposite to the side being injected. The 
lateral margin of the clavicular head of the sternoclei- 
domastoid muscle was identified at the level of C6 
(determined by noting the level of the cricoid carti- 
lage). The index finger of the anesthesiologist’s pal- 
pating hand was then rolled laterally across the 
anterior scalene muscle until the interscalene groove, 
between the anterior and middle scalene muscles, 
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Sensory Distribution of the 
Three Trunks of the Brachial Piexus 





Figure 1. The superior trunk of the brachial plexus is formed by 
the roots of the fifth and sixth cervical nerves, the middle trunk is 
formed by the seventh cervical root, and the inferior trunk is 
formed by the roots of the eighth cervical and first thoracic nerves. 


was palpated. The groove was followed inferiorly as 
far as it could be easily palpated and a 22-gauge 4 cm 
regional block needle (short bevel) was inserted in the 
groove in a caudad direction. If the subclavian artery 
was encountered by the advancing needle (indicating 
the needle was too far anterior) the needle was 
withdrawn and reinserted in a more dorsal plane 
until a paresthesia was elicited. If the plexus was 
missed as the needle was inserted in the interscalene 
space, the first rib provided a shield to deter further 
needle advancement. When a paresthesia was elic- 
ited, an observer confirmed the paresthesia location 
with the patient by touching that particular portion of 
the arm. Thirty ml of a solution containing 1% me- 
pivicaine and 0.2% tetracaine with 1-200,000 epineph- 
rine was then injected. The dermatomes in which the 
elicited paresthesia was felt was recorded. Paresthe- 
sias involving C5 and C6 dermatomes represented 
stimulation of the superior trunk, C7 the middle 
trunk and C8, T1 the inferior trunk (Fig. 1). An 
immobile needle technique (3) was utilized in which a 
small bore intravenous extension tubing was placed 
between the needle and the syringe containing the 
anesthetic solution to provide stabilization of the 
needle during injection. The quality of anesthesia 
was determined by the presence or absence of sensa- 
tion to pinprick 20 min following local anesthetic 
injection. After recordings of these data, supplemen- 
tal injections in the axilla or at the elbow using <20 ml 
of 1% mepivicaine were done as necessary to insure 
adequate anesthesia at the surgical site. 
Complications of the block were evaluated. The 
patients were examined for evidence of stellate gan- 
glion block as evidenced by Horner’s syndrome and 
recurrent laryngeal nerve block as evidenced by 
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Table 1. Physical Characteristics of the Patients 


Height 
Paresthesia Age (yrs) (inches) Weight (kg) 
Location mean £ SD mean £ $D mean + sp 
Superior trunk 45.2 + 15.7 66.8 + 3.9 70.5 + 15.7 
Middle 45.1 + 17.0 66.7 + 4.7 67.9 + 14.8 
Inferior trunk 49.3 + 16.7 65.8 + 4.0 66.8 + 15.7 


hoarseness. The incidence of puncture of the subcla- 
vian artery and respiratory difficulty was also re- 
corded. When indicated, inspiratory and expiratory 
x-rays of the upright chest were taken to determine 
the presence of phrenic nerve block or pneumotho- 
rax. 

The incidence of successful anesthesia (loss of 
sensation to pinprick) in each of the three trunks was 
then compared between the three sites (superior, 
middle or inferior trunk) where the paresthesia was 
elicited and the local anesthetic solution injected. The 
relationship between arterial puncture and Horner's 
syndrome on the number of trunks anesthetized was 
examined. Statistical analyses were performed by chi 
square analysis with a P value of less than 0.05 
considered statistically significant. Logistic regression 
was used to examine the relationship between the 
height of the patient and the number of trunks 
anesthetized (volume remaining constant). 


Results 


Physical characteristics of the patients are summa- 
rized in Table 1. There were no significant differences 
between the three groups in terms of age, height or 
weight. 

Of the 156 patients, 100 patients (64%) had an 
initial paresthesia in the superior trunk distribution, 
29 patients (19%) in the middle trunk distribution and 
27 patients (17%) in the inferior trunk distribution. 
Superior trunk paresthesias were significantly more 
frequently elicited than were paresthesias of the 
middle or inferior trunks. 

The incidence of successful anesthesia of the supe- 
rior trunk was 94.0%, 96.6%, and 85.2% when a 
superior, middle, and inferior trunk paresthesia re- 
spectively were elicited (Fig. 2). The frequency of 
superior trunk anesthesia was not a function of the 
trunk in which the initial paresthesia was elicited. 

The incidence of successful anesthesia of the mid- 
dle trunk was 84.0%, 96.6%, and 92.6% when a 
superior, middle and inferior trunk paresthesia, re- 
spectively were elicited (Fig. 3). The frequency of 


SUBCLAVIAN PERIVASCULAR BRACHIAL BLOCK 


Anesthesia of the Superior Trunk 
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Figure 2. The incidence of successful anesthesia of the superior 
trunk was not significantly different depending upon the location 
of the elicited paresthesia. 


Anesthesia of the Middle Trunk 
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Figure 3. There was no significant difference in the incidence of 
successful anesthesia of the middle trunk if a superior, middle, or 
inferior trunk paresthesia was elicited. 


middle trunk anesthesia was not a function of the 
trunk in which the initial paresthesia was elicited. 

The incidence of anesthesia of the inferior trunk, 
however, was significantly dependent upon the loca- 
tion of the initial paresthesia. A superior trunk pares- 
thesia resulted in a significantly lower incidence of 
inferior trunk anesthesia than did middle (P < 0.001) 
or inferior trunk paresthesias (P < 0.023). The inci- 
dence of successful anesthesia of the inferior trunk 
was 62.0%, 93.1%, and 85.2% when a superior, 
middle, and inferior trunk paresthesia, respectively, 
were elicited (Fig. 4). 

Data analysis demonstrated that the height of the 
patient did not correlate with the number of trunks 
anesthetized. 

Complications are summarized in Figure 5. The 
subclavian artery was punctured in 25.6% of the 
blocks. There was no significant difference in the 
number of trunks anesthetized between patients in 
which the artery was punctured and in those in 
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Anesthesia of the Inferior Trunk 
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Figure 4. A superior trunk paresthesia resulted in a significantly 
lower incidence of inferior trunk anesthesia than did a middle 
(P < 0.001) or inferior trunk (P < 0.023) paresthesia. 
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Complication 


Figure 5. Complications associated with the technique included 
subclavian artery puncture (25.6%), Horner's syndrome (64.1%) 
and recurrent laryngeal nerve block (1.3%). No instances of symp- 
tomatic pneumothorax or symptomatic phrenic nerve block were 
seen. 


which this complication did not occur. Horner's syn- 
drome occurred in 64.1% of the patients. Its presence 
did not correlate with a difference in the number of 
anesthetized trunks. Block of the recurrent laryngeal 
nerve block occurred in 2 (1.3%) of the patients. No 
patients developed symptomatic pneumothorax or 
symptomatic phrenic nerve block. 


Discussion 


Smith first suggested that the effectiveness of a bra- 
chial plexus block depends on the distribution of the 
evoked paresthesia (4). In his study of 120 patients 
undergoing supraclavicular brachial plexus block, the 
success rate (93%) was greater if the paresthesia 
evoked by a low-power nerve stimulator was in the 
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distribution of the median nerve than when radial 
(81%) or ulnar nerve (76%) paresthesias were ob- 
tained. Paresthesias elicited by the subclavian peri- 
vascular technique, however, represent stimulation 
of the trunks of the brachial plexus. Therefore, rather 
than describing an elicited paresthesia in a peripheral 
nerve distribution as done by Smith, we chose to 
determine specifically which trunk of the brachial 
plexus represented the origin of the paresthesia. Like 
Smith, who proposed that a median nerve paresthe- 
sia may represent stimulation of the anterior division 
of the middle trunk, we found that a middle trunk 
paresthesia resulted in the highest incidence of suc- 
cess in blocking all three trunks of the brachial 
plexus. The explanation for this higher success rate 
is, according to Smith, that placement of the needle at 
the location of the middle trunk results in a more 
central deposition of the local anesthetic agent within 
the sheath of the plexus. As a result, this reduces the 
likelihood of the anesthetic solution being deposited 
outside the plexus following an inadvertent move- 
ment of the needle tip. It is probable, however, that 
inadvertent needle movement is not the only expla- 
nation for the greater success rate when a middle 
trunk paresthesia is obtained. Diffusion of the local 
anesthetic from the initial deposition site may also 
play a role. When the anesthetic solution is placed in 
the middle of the three trunks, it may diffuse more 
easily from this central location to anesthetize the 
superior and inferior trunks as well as the middle 
trunk. 

The lowest incidence of successful inferior trunk 
anesthesia was found following a superior trunk 
paresthesia. This can most likely be explained by an 
inability of the local anesthetic to diffuse from the 
higher site of initial deposition at the superior trunk 
to the fibers of the inferior trunk which may be buried 
behind or beneath the subclavian artery. This lower 
success rate is particularly important when one con- 
siders that a superior trunk paresthesia was the most 
commonly elicited paresthesia in our study. This may 
be due to the anatomical placement of the trunks ina 
superior, middle, and inferior position. When the 
needle is placed in the neck in a directly caudad 
fashion at the level of C6, the superior trunk would 
be the most likely one encountered as the needle is 
advanced from its initial entry site. It is possible that 
insertion of the needle into the neck at a lower level 
directly behind the subclavian artery would result in 
a higher incidence of middle or inferior trunk pares- 
thesias (rather than superior trunk). Further studies 
are necessary to confirm this hypothesis. Our results 
do indicate, however, that when anesthesia of the 
inferior trunk is necessary for the surgical procedure, 
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attempts should be made to avoid placement of the 
local anesthetic at the superior trunk. If the anesthetic 
solution is deposited following a superior trunk 
paresthesia, supplementation of the area supplied by 
the inferior trunk will frequently be required and 
therefore should be anticipated early. 

The volume of local anesthetic used for the subcla- 
vian perivascular blocks was held constant in this 
study. It has been suggested previously that height is 
the single most important factor in determining local 
anesthetic volume for either sex at any age (5). This is 
due to the fact that the length of the brachial plexus 
sheath is directly dependent on the height of the 


' patient. In our study, however, we found no corre- 


lation between the number of trunks anesthetized 
and the height of the patient. (56-76 inches). This 
could be due to the fact that 30 ml is a sufficient 
volume in adult patients to provide trunk anesthesia 
in the subclavian perivascular space. In the cases of 
incomplete block which occurred in our study, the 
problem may not have been one of insufficient vol- 
ume, therefore, but rather of local anesthetic diffu- 
sion from the site of initial paresthesia to the other 
two trunks. 

Subclavian artery puncture is recognized as a po- 
tential complication of subclavian perivascular as well 
as the more traditional techniques of supraclavicular 
brachial plexus block (1,6—9). Arterial puncture indi- 
cates that the needle has been placed anterior to the 
trunks of the plexus, but still lies within the brachial 
plexus sheath. Although occasionally resulting in 
hematoma formation, its occurrence is usually with- 
out sequelae (1,6). The incidence of arterial puncture 
in our study was 25.6%. This is comparable to an 
incidence of 32% found by Harley and Gjessing 
performing classical supraclavicular blocks (7). Dilu- 
tion of the local anesthetic by arterial blood from local 
bleeding resulting from the puncture did not de- 
crease the success rate of the block. 

No patient in our study developed symptomatic 
pneumothorax. Pneumothorax with more traditional 
techniques of supraclavicular brachial plexus block 
may be more frequent. When utilizing the subclavian 
perivascular technique, however, the direction of the 


_ regional block needle remains parallel to that of the 


anterior and middle scalene muscles which invariably 
insert on the first rib (5). Therefore, if the plexus is 
missed as the needle is inserted in the interscalene 
space, the first rib will be encountered which prohib- 
its further needle advancement and decreases the 
likelihood of puncturing the pleura. Routine postop- 
erative chest x-rays to determine the incidence of 
asymptomatic pneumothoraces were not taken in this 
study. In order to ensure detection of a pneumotho- 
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rax, which may occur as late as 12-24 hrs following 
the block due to slow leakage of air from the lung, 
serial chest x-rays would have to be taken. Further 
studies are necessary, therefore, to determine if 
pneumothorax occurs more often than is clinically 
evident following subclavian perivascular block. 

We also found no instance of symptomatic phrenic 
nerve block in our study. Unilateral phrenic nerve 
block may result in respiratory symptoms, as de- 
scribed by Kayerker et al. in a patient that received an 
interscalene brachial plexus block (10). When chest 
X-rays are examined routinely following the block, 
high incidences of phrenic nerve block have been 
reported. Knoblanche demonstrated a 67% incidence 
of phrenic block by fluoroscopic examinations in 15 
patients within three hours following subclavian 
perivascular brachial plexus blocks (11). No patients 
in his series, however, developed respiratory symp- 
toms related to the phrenic block. Farrar et al re- 
ported slightly lower incidences of 36, 36, and 38%, 
respectively, when routine chest x-rays were taken 
four hours following interscalene, subclavian periva- 
scular, and Kulenkampff supraclavicular techniques 
of brachial plexus blocks (12). It appears, therefore, 
that phrenic nerve block is a common complication of 
brachial plexus blocks carried out above the clavicle 
but only infrequently leads to the development of 
respiratory symptoms or compromise. 

Cervical plexus block leading to Horner's syn- 
drome is also a possible complication of brachial 
plexus blocks performed above the clavicle (7,13,14). 
In our study we had a 64.1% incidence of Horner’s 
syndrome. This complication was without adverse 
consequences and simply required reassurance to the 
patient that this was transient. Qur data demon- 
strated that there was no significant difference in the 
number of trunks anesthetized between those pa- 
tients which developed Horner’s syndrome and in 
those in which this complication did not occur. This is 
in agreement with the concept that the syndrome 
may result not only from an improperly placed nee- 
dle deep to the prevertebral fascia, but also from local 
anesthetic diffusion through the fascial covering of 
the brachial plexus to the sympathetic chain. 

Recurrent laryngeal nerve block resulting in 
hoarseness occurred in two (1.3%) of our patients. 
This complication was also without adverse sequelae. 
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The two patients in our study with this complication 
had received blocks on the right side, and indeed 
recurrent laryngeal nerve block has been more com- 
monly associated with right-sided blocks (5). This is 
due to the fact that the right recurrent laryngeal nerve 
is in close proximity to the subclavian artery as it 
loops around it in its ascent to the larynx, while the 
left recurrent laryngeal nerve loops around the aorta 
itself. 

In conclusion, the location of the elicited paresthe- 
sia should be noted when performing subclavian 
perivascular blocks because the particular trunk stim- 
ulated may influence the development of anesthesia. 
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Intravenous Magnesium Sulfate Inhibits Catecholamine Release 
Associated with Tracheal Intubation 
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JAMES MFM, BEER RE, ESSER JD. Intravenous 
magnesium sulfate inhibits catecholamine release 
associated with tracheal intubation. Anesth Analg 
1989:68:772-6. 


The effects of pre-treatment with 60 mg/kg body weight 
magnesium sulfate intravenous on cardiovascular responses 
and catecholamine release associated with tracheal intuba- 
tion were measured in 15 normal patients and in 15 saline 
solution pre-treated controls. Magnesium pre-treatment 
increased heart rate by 13 + 3.9 beats/minute. After 
intubation, heart rate was unchanged in the magnesium 
group at 107.3 + 3.6 beats/minute but increased in the 
control group to 120.9 + 4.6 beats/minute (P < 0.05). 
Systolic blood pressure increased after intubation from 


It is well known that laryngoscopy and tracheal 
intubation produce marked increases in pulse rate 
and blood pressure (1). This response is associated 
with the release of catecholamines in large amounts 
(2,3). There are various techniques by which this 
intubation-related stress response can be attenuated, 
all of which depend on reduction in input stimuli or 
the blockade of adrenergic responses. These methods 
include the use of lidocaine topically or intravenously 
(4); the administration of beta-adrenergic blocking 
drugs (1); the use of direct-acting vasodilators (5); and 
use of large doses of opiates, notably fentanyl and 
alfentanil (6). All of these techniques have disadvan- 
tages related to either cardiovascular or respiratory 
depression; none directly inhibits the release of cate- 
cholamines. 

Magnesium blocks the release of catecholamines 
from adrenergic nerve terminals and from the adrenal 
gland in vitro (7,8). Increased serum magnesium 
levels may also inhibit the release of catecholamines 
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106.8 + 3.1 to 121.0 + 4.4 mm Hg in patients given 
magnesium and from 106.4 + 3.12 to 145.1 + 5.6 mm Hg - 
in the control group (P < 0.05). Norepinephrine levels 
increased from 297.3 + 20.9 pg/ml to a peak of 532.5 + 
30.1 pg/ml 2 minutes after intubation in the magnestum 
group. In controls, norepinephrine levels increased from 
273.3 + 39.1 mg/ml to 944.6 + 68.7 pg/ml (P < 0.05 for 
differences between groups). Epinephrine levels were un- 
changed from baseline after magnesium but in controls 
increased from 113.9 + 19.5 to 279.6 + 92.3 pg/ml (P < 
0.05) We conclude that magnesium sulfate attenuates the 
catecholamine mediated responses after tracheal intubation. 


Key Words: IONS—magnesium. . 
INTUBATION—tracheal. 


in humans in whom catecholamine excess is present 
(9). The ion has relatively minor cardiovascular side 
effects at moderate blood levels (10), and its only 
respiratory depressant effect is related to its well- 
known ability to potentiate the action of the non- 
depolarizing neuromuscular blocking drugs (11). 
Magnesium reduces the pressor response to intuba- 
tion in women with pregnancy-induced hypertension 
(12) and may well be of benefit in other circum- 
stances. The purpose of this study is to investigate 
the ability of magnesium to control cardiovascular 
disturbances and inhibit the release of catechol- 
amines at the time of intubation in otherwise healthy 
subjects. 


Methods 


The study was approved by the Ethics Committee of 
Hillbrow Hospital and the University of Witwaters- 
rand and all patients gave informed consent. 

Patients studied were ASA I-II men aged between 
19-51 years booked for elective surgery in which the 
anesthetic technique would require tracheal intuba- 
tion. Patients were randomly allocated to one of two 
groups with 15 patients in each group. 
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All patients were premedicated with diazepam 10 
mg orally 1 hour pre-operatively. An intravenous 
cannula was inserted into one forearm for infusion of 
drugs, and a central venous line was placed via an 
antecubital vein for blood sampling. Anesthesia was 
induced with thiopental, titrated until the eyelash 
reflex was lost. In Group A patients, a 50% solution of 
magnesium sulfate (MgSO,) 60 mg/kg body weight 
was then injected intravenously over 1 minute. 
Group B subjects received an equivalent volume of 
saline solution also over 1 minute. Subjects in both 
groups were then given succinylcholine 1 mg/kg 
body weight intravenously. Tracheal intubation was 
performed 60 seconds after the administration of 
succinylcholine by an operator who was blinded as to 
the patient’s group. Blood samples for measurement 
of serum magnesium and plasma catecholamine con- 
centrations were taken immediately prior to induc- 
tion, immediately before intubation, immediately af- 
ter intubation, and 2 and 5 minutes after intubation. 

Tubes with blood samples for plasma catechol- 
amine measurement were immediately placed on ice. 
Samples were centrifuged at 3,000 revolutions/ 
minute for 10 minutes at 4°C. Aliquots of the serum 
were stored at —70°C for not longer than 1 week. 
Fractionated serum catecholamine concentrations 
were determined with use of reversed-phase high- 
performance liquid chromatography with electro- 
chemical detection and an internal standard (13,14). 
The lower limit of sensitivity of this method is 10 pg/ 
ml. 

Standard electrocardiogram (ECG) leads were 
monitored throughout the procedure and blood pres- 
sure was monitored noninvasively with use of an 
automatic oscillotonometric device that recorded the 
blood pressure every 60 seconds. Heart rate was also 
recorded every 60 seconds. Statistical analysis was 
performed with the use of Student's t test for un- 
paired samples to detect differences, if any, between 
the groups. Significance was defined as (P < 0.05). 
Results are reported as mean + 1 SEM. 


Results 


Serum Magnesium. Baseline serum magnesium con- 
centrations were 0.85 + 0.24 mmol/l in Group A and 
0.81 + 0.31 mmol/l in Group B. In Group A serum 
magnesium levels increased to 2.95 + 0.56 mmol/liter 
after intubation and remained unchanged in Group 
B. 

Cardiovascular System. Induction of anesthesia pro- 
duced no significant changes in heart rate and blood 
pressure in either group. In the magnesium group, 
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Figure 1. Changes in heart rate with and without magnesium. 
*P < 0.05 for differences between groups; T —1sEM. 
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Figure 2. Changes in systolic blood pressure with and without 
magnesium. *P < 0.05 for differences between groups; T —1 SEM. 


the injection of magnesium produced an initial in- 
crease in heart rate of 13 + 3.9 beats/minute; in the 
control group, there was no significant change in 
heart rate from the baseline level (P < 0.05). After 
intubation, heart rate increased by 30.9 beats/minute 
2 minutes after intubation in the control group, 
whereas in the magnesium group, heart rate re- 
mained virtually unchanged from post-magnesium 
values. The difference between groups at 2 minutes 
after intubation was significant at the 0.05 level 
(Figure 1). 

Changes in systolic blood pressure are summa- 
rized in Figure 2. Induction of anaesthesia produced 
a small decrease in systolic and diastolic arterial blood 
pressure in both groups, but neither magnesium nor 
saline solution produced significant further changes. 
Immediately after intubation, systolic blood pressure 
increased in the control group but not in the magne- 
sium group, the difference between the groups at this 
point being significant at the 0.05 level. Two minutes 
after intubation, systolic blood pressure increased 
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Figure 3. Changes in noradrenaline levels with and without mag- 
nesium. tP < 0.01 for differences between groups; *P < 0.05 for 
differences between groups; T —1 SEM. 
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Figure 4. Changes in adrenaline levels with and without magne- 
sium. tP < 0.01 for differences between groups; *P < 0.05 for 
differences between groups; T —1 SEM. 


slightly in the magnesium group toward baseline 
levels, but in the control group systolic blood pres- 
sure increased to above baseline levels (P < 0.01 for 
differences between groups). Diastolic blood pres- 
sures showed similar changes. 

Catecholamines. Changes in catecholamines are 
summarized in Figures 3 and 4. Norepinephrine 
levels on arrival in the operating room were similar in 
the two groups and were not significantly altered by 
induction of anesthesia. After intubation, norepi- 
nephrine levels in the control group were signifi- 
cantly greater (P < 0.05) than those in the magnesium 
group, which were not significantly different from 
baseline values. Two minutes after intubation, the 
norepinephrine levels showed a further increase in 
Group B with a small, nonsignificant increase in 
Group A. The difference between groups was highly 
significant (P < 0.01), and this difference persisted at 
the 5-minute post-intubation measurement. Epineph- 
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rine values decreased slightly in both groups after 
induction of anesthesia. After intubation, epineph- 
rine levels increased in Group B but not in Group A 
(P < 0.01). Two minutes after intubation, Group A 
epinephrine levels remained at baseline values 
whereas those in Group B remained elevated (P < 
0.05). Five minutes after intubation, epinephrine lev- 
els in the two groups were not significantly different 
and had decreased to post-induction values in both 
groups (Figure 4). 


Discussion 


Calcium exerts a major role in stimulus-response 
coupling, including the release of catecholamines 
from the adrenal gland and adrenergic nerve termi- 
nals in response to sympathetic stimulation (15). 
Magnesium, because it competes with calcium for 
membrane channels, has been described as the phys- 
iological calcium antagonist (16) and can modify 
many calcium-mediated responses. The ability of 
magnesium ions to inhibit the release of catechol- 
amines from both the adrenal gland and peripheral 
adrenergic nerve terminals has been known for over 
25 years (7) and is now well established in laboratory 
experiments (8,17-19). However, until recently, no 
clinical use has been made of this potentially valuable 
phenomenon. The use of magnesium in conditions 
where catecholamine excess is prevalent, such as in 
tetanus (20) and phaeochromocytoma (21), has re- 
cently been described, and the ability of magnesium 
infusions to lower catecholamine levels in a patient 
with tetanus has been demonstrated (9). The present 
study shows that magnesium can significantly atten- 
uate the output of catecholamines at the time of 
tracheal intubation and thus reduce the severity of 
cardiovascular disturbances. 

The cardiovascular effects observed in this study 
were particularly interesting. It might be expected 
that magnesium would slow the atrial rate by inhib- 
iting the calcium mediated depolarizing current in 
pacemaker tissue, an effect that has been demon- 
strated in isolated animal hearts (22). However, in the 
intact animal the ability of magnesium to inhibit the 
release of acetylcholine from the vagus nerve pre- 
dominates (23) and, therefore, the overall effect is the 
mild increase in heart rate seen in this experiment. 
Despite this initial increase in heart rate, there was no 
further increase in heart rate after intubation in the 
magnesium group. Although heart rate in the control 
group was considerably less than that in the magne- 
sium group prior to intubation, the heart rate after 
intubation in the control group was significantly 
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higher than in the magnesium group. This was 
presumably due to the fact that epinephrine levels in 
the magnesium group did not increase above baseline 
values, whereas in the control group there was a 
significant increase in epinephrine levels. 

The vasodilator effects of magnesium (11,22-27) 
are characterized by a mild and transient decrease in 
blood pressure associated with peripheral vasodilata- 
tion and a consistent increase in cardiac index (10,28). 
Magnesium also reduces the responsiveness of vas- 
cular smooth muscle to norepinephrine stimulation 
(27). In the present study, increases in both systolic 
and diastolic blood pressure were less in the magne- 
sium group than in the control group. In neither 
group was the release of norepinephrine completely 
prevented, but the norepinephrine levels in the mag- 
nesium group were significantly lower than those in 
the control group. The improved control of blood 
pressure in the magnesium group was probably, 
therefore, due to a combination of vasodilatory effects 
of the ion and inhibition of catecholamine release. It 
might be argued that magnesium is producing its 
effect by a central sedative mechanism, but this is 
unlikely as magnesium crosses the blood-brain bar- 
rier with difficulty and has little or no central sedative 
effect even at much higher serum levels than those 
used in the present study (29). 

The actions of magnesium in protecting against the 
potentially harmful cardiovascular effects of tracheal 
intubation are probably not superior to the actions of 
the potent short-acting opiate agents, fentanyl and 
alfentanil. Alfentanil in particular shows considerable 
promise in this regard (30). However, the use of 
opiates has been associated with muscle rigidity, 
bradycardia, hypotension, and respiratory depres- 
sion. In circumstances in which these complications 
may be undesirable, magnesium could be a useful 
alternative. A serum magnesium level of 2-4 mmol/ 
liter at the time of endotracheal intubation may be 
particularly valuable in the hypertensive pregnant 
patient. Magnesium has also been shown to reduce 
fasciculations (31) and potassium release (32) after 
succinylcholine, and these actions combined with the 
cardiovascular control that can be achieved by the use 
of magnesium may be of value. 

Magnesium does not appear to prolong the dura- 
tion of action of succinylcholine (31,33), but the 
interaction between magnesium and the non- 
depolarizing relaxants must be borne in mind if this 
technique is to be used in combination with these 
latter drugs. If this combination is to be used, then 
the dosage of relaxant should be reduced (11,33). 
There is currently no data available as to the effect 
that MgSO, might have on the onset time or intensity 
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of block achieved when non-depolarizing relaxants 
are used to facilitate tracheal intubation. 

A final intriguing possibility is that combinations 
of short-acting opiates and magnesium may offer 
good cardiovascular control at lower doses of both 
agents and therefore with fewer side effects. This 
possibility remains to be evaluated. 
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ELLIS JE, LICHTOR JL, FEINSTEIN 5B, CHUNG MR, 
POLK SL, BROELSCH C, EMOND J, 
THISTLETHWAITE JR, ROIZEN MF. Right heart 
dysfunction, pulmonary embolism, and paradoxical 
embolization during liver transplantation: a 
transesophageal two-dimensional echocardiographic 
study. Anesth Analg 1989;68:777-82. 


In 16 adult patients, we performed continuous intraopera- 
tive two-dimensional transesophageal echocardiography 
(2DTEE) to help elucidate the mechanism of myocardial 
dysfunction that accompanies liver transplantation. In 4 of 
the 16 patients “paradoxical” motion of the interventricular 
septum consistent with right ventricular failure was seen. 
An additional three of the 16 patients showed right atrial 
enlargement and right-to-left deviation of the interatrial 


Improvements in surgical technique, the intraopera- 
tive use of venous bypass, and cyclosporin immuno- 
suppressive therapy have all contributed to the more 
frequent use of liver transplantation as a therapeutic 
option for patients with end-stage liver disease. 
These operations are of long duration (five to fifteen 
hours) and are performed on patients who often 
present with multisystem organ failure. Massive, 
rapid transfusions of many blood volumes are the 
rule, further complicating management of these pa- 
tients. 
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septum. Two patients showed evidence of paradoxical em- 
bolization (one of whom had right ventricular and right 
atrial enlargement), and a third patient (who had right 
atrial enlargement) embolized a large right atrial thrombus 
into the pulmonary circulation. Two-dimensional trans- 
esophageal echocardiography demonstrated that isolated 
right ventricular failure might account for some of the 
hemodynamic instability seen during liver transplantation. 
Venous, pulmonary, and paradoxical embolization of air 
and thrombi documented by transesophageal echocardiog- 
raphy likely contribute to right heart failure. 


Key Words: LIVER, TRANSPLANTATION. SURGERY, 
LIVER TRANSPLANTATION. MEASUREMENT 
TECHNIQUES, ECHOCARDIOGRAPHY. HEART, 
ECHOCARDIOGRAPHY. 


Unique hemodynamic changes accompany the dif- 
ferent stages of orthotopic liver transplantation. The 
release of tense ascites, temporary occlusion of the 
inferior vena cava, and reperfusion of the donor liver 
all cause profound and characteristic alterations in 
cardiovascular homeostasis. Measurements made 
with Swan-Ganz catheters have been used to manage 
and describe these processes (1), but there are limi- 
tations to their accuracy in assessing left ventricular 
preload (2). We have used two-dimensional trans- 
esophageal echocardiography to monitor cardiovas- 
cular performance during liver transplantation and to 
obtain insights into the accompanying circulatory 
pathophysiology. 


Materials and Methods 


This study was approved by our Clinical Investiga- 
tions Committee. Sixteen adult patients undergoing 
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liver transplantation were included in the study after 
consenting to our data collection protocols. Anesthe- 
sia, induced with thiamylal and followed by succinyl- 
choline, was maintained with oxygen, air, isoflurane, 
and fentanyl, with pancuronium for relaxation. Mon- 
itoring consisted of measurements obtained from 
radial and pulmonary artery catheters and from pulse 
oximeters. Blood products were rapidly administered 
through two 8 French introducers with the aid of a 
rapid volume infusion device. Non-heparinized 
veno-venous bypass was used during occlusion of 
the inferior vena cava to preserve venous return and 
to facilitate the surgical procedure. Five minutes 
before perfusion of the donor liver, patients were 
empirically treated with sodium bicarbonate (1 mEq/ 
kg), 50% dextrose (1 ml/kg), and calcium chloride (20 
mg/kg). This treatment regimen, with the addition of 
10 units of regular insulin, was repeated immediately 
after reperfusion. 

After endotracheal intubation, we inserted a gas- 
troscope tipped with a 3.5-MHz echocardiographic 
probe (Diasonics, Milpitas, CA) into the esophagus 
and connected it to a Diasonics 6400 Ultrasonograph. 
The echocardiogram was monitored continuously, 
and qualitative judgments of cardiac filling volumes 
and contractility guided patient management. Echo- 
cardiographic views were obtained at two levels: 1) 
the long-axis four-chamber view to evaluate the in- 
teraction of left and right ventricles and detect possi- 
ble venous air embolism, and 2) the short-axis view to 
evaluate left ventricular size, contractility, and seg- 
mental wall motion. Adjustments in transducer 
position were occasioned by upper abdominal retrac- 
tion and our intentional variation from long-axis to 
short-axis views. We attempted to obtain short-axis 
views as identical as possible during these adjust- 
ments, using the mid-papillary muscles as land- 
marks. We recorded echocardiographic sequences of 
interest on one-half inch VHS videotape for off-line 
analysis by a cardiologist who was unaware of clinical 
conditions. 

In nine patients, standard transthoracic echocar- 
diograms were obtained perioperatively for clinical 
management with the results noted. The presence of 
cardiac pathology on available postmortem examina- 
tions was also noted. 


Results 
Patient Characteristics 


Table 1 summarizes the demographic features of our 
patient population. Collectively, these patients rep- 
resent a critically ill group. Two had preoperative 
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respiratory failure requiring mechanical ventilation 
and 6 presented with renal insufficiency (as docu- 
mented by a serum creatinine greater than 2.0 mg/dl). 
Nine of the patients were encephalopathic preopera- 
tively. Nine of the 16 patients underwent routine 
transthoracic echocardiography in the perioperative 
period. The findings, summarized in Table 1, in- 
cluded pericardial effusions in four patients, signifi- 
cant tricuspid regurgitation in two patients, and 
decreased right ventricular systolic function in two 
others. 


Intraoperative Wall Motion Abnormalities 


Four patients (1, 5, 9, and 15) had transesophageal 
echocardiographic evidence of abnormal motion of 
the interventricular septum. In patient 1, the septal 
abnormality noted before incision resolved after the 
release of tense ascites. Paracentesis was accompa- 
nied by an increase in left ventricular end-diastolic 
diameter from 3.3 to 4.2 cm. This septal wall motion 
abnormality recurred after reperfusion of the donor 
liver. In three patients (5, 9, and 15), new interven- 
tricular septal wall motion abnormalities were identi- 
fied after graft reperfusion. 

In three additional patients (6, 10, and 16), without 
evidence of abnormal ventricular wall motion, bulg- 
ing of the interatrial septum from right-to-left was 
seen, suggesting a positive right-to-left pressure gra- 
dient at the atrial level. 

Only one patient (7) had evidence of left ventricu- 
lar decompensation as evidenced by severe global 
hypokinesis during the procedure; this improved 
after an infusion of dobutamine was begun. 


Atir Emboli and Thromboemboli 


In all patients, spontaneous echogenic contrast mate- 
rial was seen in the right heart during thermodilution 
cardiac output determinations, during venous by- 
pass, and at the time of donor liver reperfusion. 

In two patients (5 and 12) paradoxical embolization 
occurred, as spontaneous echogenic contrast material 
was identified in the left heart at the time of reperfu- 
sion of the donor liver (Fig. 1). We believe this 
echogenic contrast represented air and/or micro- 
thrombi. 

Transesophageal echocardiography revealed a 
large thrombus in the right atrium of patient 6 (Fig. 2) 
during venous bypass. The thrombus later disap- 
peared, presumably embolized into the pulmonary 
circulation. This patient also demonstrated a very 
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Table 1. Clinical Information on Patients Undergoing Liver Transplantation with Transesophageal 


Echocardiographic Monitoring 
Preoperative 
Abnormal 
Blood septal 
Renal Respiratory Prothrombin volumes Transthoracic Paradoxical wall Additional tee 
Patient Age Diagnosis insufficiency failure time replaced echocardiography embolization motion abnormalities 
1 28 Budd-Chiari + + 18.8 1 Dilated, = + None 
syndrome hypokinetic 
RV 
pa 56 Chronic active = = 15.1 ] Large PA, n = None 
hepatitis B pericard 
effusion, MR, 
TR 
3 27 Fulminant + + 23.4 4 Small pericard E = None 
hepatitis effusion; 
septal WMA 
4 36 Cryptogenic = = 16.4 16 N/A * = None 
cirrhosis 
5 45 Chronic active - - 13.5 12 N/A + + RA>LA, RV>LY, 
hepatitis B Hypovolemic LV 
6 48 Chronic active + — 14.6 13 N/A ~ ~ RA>LA, RA 
hepatitis B thrombus, 
Hypovolemic LV 
7 40 Cryptogenic = = 16.5 5 RA>LA, = = Global hypokinesis, 
cirrhosis paradoxical improved after 
IYS, poor LV dobutamine 
fn, dilated infusion 
RY 
8 40 Cryptogenic + = 14 20 Small = = None 
cirrhosis pericardial 
eff, mild MR, 
small LV 
9 21 Fulminant = 36.4 5 N/A = + None 
hepatitis 
10 62 Primary biliary = = 14.4 3 Mod AS, = = RA>LA, Small 
cirrhosis gradient=64 pericardial 
mm Hg, mild effusion 
LVH, MR, 
TR 
11 36 Hemangiosarcoma = = 11.9 05 NA oe 5 None 
12 46 Cryptogenic + = 16.9 3 WNL + + None 
cirrhosis 
13 35 Chronic active = = 2A 2 N/A = = None 
hepatitis B 
14 14 Cryptogenic = = 13.8 1 Small ~ = None 
cirrhosis pericardial 
effusion 
15 46 Primary graft . + - 17.7 2 WML ~ + None 
failure 
16 24 Fulminant = as 35.9 0.4 NIA a RA>LA, 
non-A, non-B Hypovolemic LV 
hepatitis 


AS, aortic stenosis; fn, function; IVS, interventricular septum; LV, left ventricle; LVH, left ventricular hypertrophy; MR, mitral regurgitation; N/A, no 
available; RA, right atrium; RA>LV, right atrium larger than left atrium and bulging right-to-left; RV, right ventricle; RV>LV, right ventricle larger than lef 
ventricle and bulging right-to-left; PA, pulmonary artery; TR, tricuspid regurgitation; WNL, normal; WMA, wall motion abnormality. 


thin intraatrial septum, which bulged into the left 
atrium. The central venous pressure rose acutely to 
38 mm Hg after graft reperfusion, despite systemic 
hypotension; severe acute hepatic congestion at 
this time necessitated phlebotomy. Transesophageal 
echocardiography at that time revealed a small, hy- 
perkinetic left ventricle and a markedly dilated right 
heart. 


Echocardiographic and Pulmonary Capillary Wedge 
Pressure as Determinants of Preload 


We observed an inconsistent relationship betweer 
pulmonary capillary wedge pressure (PCWP) anc 
filling volumes. Figure 3, for example, demonstrate: 
end-diastolic frames from patient 9 during venous 
bypass. The two frames were recorded 30 minutes 
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apart, during which time pulmonary artery pressures 
ncreased greatly. While the two frames reveal almost 
dentical end-diastolic dimensions, the PCWP was 20 
nm Hg during the first frame, and 40 mm Hg during 
the second. 
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Figure 1. Evidence of paradoxi- 
cal embolization (arrow) in left 
atrium (LA) of patient 5. Left 
ventricle (LV), right atrium (RA). 


- 0 & 

Figure 2. Large thrombus (asterisk) 
in right atrium (RA) of patient 6, 
which later embolized into the pul- 
monary circulation. The intraatrial 
septum, which is thinned (arrow), 
bulges in a right-to-left direction. 
(LA = left trium). 


Postmortem Examinations 


Autopsies were obtained in two patients. Other than 
the presence of air in the right side of the heart after 
reperfusion, neither of these patients had any echo- 
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Figure 3. Two end-diastolic frames of short-axis views of the left 


ventricle (LV), 30 minutes apart, from patient 9 during venous 
bypass. While end-diastolic areas appear nei rly identical, pulmo- 
nary capillary wedge pressure doubled from 20 mm Hg (A) to 40 
mm Hg (B) during this interval. (PM = papillary muscle). 


cardiographic abnormalities. Postmortem examina- 
tion of the heart revealed right ventricular hypertro- 
phy and cardiomegaly with a thickened pulmonary 
outflow tract in patient 8. Patient 4 had pulmonary 
vascular changes consistent with ARDS (adult respi- 
ratory distress syndrome) and pericarditis, but no 
intrinsic myocardial pathology. 

Both patients (5 and 12) who experienced paradox- 
ical air embolus died, but postmortem examinations 
were not available; the presence of a probe-patent 
foramen ovale could not be determined. 


Discussion 

Cardiovascular Response to Donor 

Liver Reperfusion 

Severe hypotension at the time of reperfusion of the 
donor liver is a well-described phenomenon. It has 
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been variously attributed to hypovolemia or myocar- 
dial depression (3). Carmichael et al. (1) using data 
from Swan-Ganz catheterization, described a pattern 
of hypotension associated with elevated (pulmonary 
artery pressure) PAP and PCWP and concomitant 
decreases in (cardiac output) CO. They interpreted 
these results as being consistent with acute left heart 
failure at the time of reperfusion, purportedly due to 
the release of vasodepressor substances from the 
donor liver. 

In our series, care was taken to flush the donor 
liver of ischemic metabolites by infusing an albumin 
solution into the donor liver and discarding the 
effluent immediately before reperfusion. Also, in an 
attempt to prevent life-threatening hypotension and 
hyperkalemia, we routinely administered calcium 
chloride, bicarbonate, and glucose/insulin at the time 
of reperfusion of the donor liver. We did so empiri- 
cally, theorizing that we might also be treating citrate 
intoxication. Citrate intoxication is a documented 
cause of decreased left ventricular contractility in 
patients undergoing liver transplantation (4). We did 
not believe it safe to examine the circulatory re- 
sponses to reperfusion in the absence of this empiric 
treatment. While aggressive therapy may have ob- 
scured left ventricular dysfunction due to metabolic 
causes, our data suggest that right heart failure, due 
to pulmonary embolism of air and thrombi, plays a 
role in the hypotension seen after reperfusion of the 
donor liver. 


Embolic Events 


Echocardiography enabled us to see microemboliza- 
tion and macroembolization. Similar macroemboliza- 
tion has been observed using transesophageal echo- 
cardiography during total hip replacement with 
associated increases in pulmonary artery and wedge 
pressures and decreases a PaO, and mean arterial 
pressure (5). 

The finding of a dilated right heart on echocardiog- 
raphy and passive congestion of the liver on visual 
inspection implies acute right heart failure, as does 
the presence of abnormal interventricular septal wall 
motion (6). This may limit left ventricle filling by 
diminishing pulmonary venous return. 
patients, transthoracic Doppler 
performed preoperatively revealed tricuspid regurgi- 
tation. “Functional” tricuspid regurgitation, second- 
ary to annular dilatation, may contribute further to 
dangerous congestion of the new liver and a de- 
creased right ventricular ejection fraction. Tricuspid 
regurgitation also makes the determination of cardiac 
output by thermodilution inaccurate. 


In several 
echocardiography 
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Humoral factors may be involved in the pathogen- 
esis of pulmonary hypertension, further increasing 
right heart work; short periods of partial veno-venous 
bypass increase pulmonary elaboration of thrombox- 
ane (7) and cause pulmonary hypertension in sheep. 
The use of non-heparinized venous bypass may con- 
tribute to the formation of thrombi, such as the one 
we observed (Fig. 2). Others have used heparinized 
bypass to avoid such thrombotic complications, but 
this was accompanied by massive hemorrhage and an 
unacceptably high mortality rate (8). Still, the forma- 
tion of thrombi in the venous bypass machine may be 
reduced by keeping flows greater than one liter/ 
minute; in the future, the use of heparin-bonded 
bypass tubing may reduce the risk of thromboembo- 
lism (8). Despite these problems, the use of venous 
bypass during hepatectomy offers substantial advan- 
tages that probably outweigh the risks of thrombosis. 
Its use during liver transplantation has been shown 
to preserve venous return and cardiac preload and 
output, decrease transfusion requirements, and low- 
er the incidence of renal failure and mortality in the 
first month after liver transplantation (8). 


Paradoxical Air Embolus 


Two of our patients (5 and 12) showed transesopha- 
geal echocardiographic evidence of paradoxical em- 
bolization, possibly due to intracardiac shunting. The 
acute elevation in right ventricular afterload imposed 
by pulmonary emboli may cause elevated right heart 
pressures, allowing the reversal of the normal intra- 
atrial gradient and facilitating paradoxical emboliza- 
tion of air or microthrombi across an atrial septal 
defect or a probe-patent foramen ovale (9). In four of 
our patients (5, 6, 10, and 16), intraoperative echo- 
cardiography demonstrated bulging of the interatrial 
septum in a manner consistent with elevated right 
atrial pressures (Fig. 3), and another patient (7) 
demonstrated this pattern on preoperative echocar- 
diography. 

Others have documented evidence suggesting par- 
adoxical air embolus during hepatic transplantation. 
Starzl et al. (10) reported that nine of 48 patients in 
their early experience had neurologic complications 
consistent with cerebral air embolus. The potential 
for right-to-left shunts may exist in these patients, 
even in the absence of intracardiac shunts. Cirrhotics 
are prone to develop intrapulmonary shunts (11), and 
echocardiographic contrast studies have been used to 
document their presence (12). 

In summary, these cases and observations confirm 
the common phenomenon of pulmonary embolism 
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during liver transplantation and demonstrate its se- 
quelae: right ventricular and right atrial encroach- 
ment on left heart filling, and paradoxical emboli. 
Pericardial effusions and tricuspid regurgitation are 
frequently seen, and may also compromise cardiovas- 
cular function. We have also shown that left veritric- 
ular pumping function is not generally impaired in 
this small series of patients when generous doses of 
calcium chloride are given. 


The authors thank Delores Cave for secretarial assistance, and John 
Erickson, MD, and Casaundra Williams for editorial assistance. 
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Heat Generation as an Index of Exhaustion of Soda Lime 


Masahiko Tsuchiya, MD, and Wasa Ueda, MD, PhD 


TSUCHIYA M, UEDA, W. Heat generation as an index of 
exhaustion of soda lime. Anesth Analg 1989;68:783-7. 


The wall temperatures of the absorptive chambers of a 
divided soda lime canister were measured in 70 patients to 
determine the relationship between the difference in temper- 
ature of the two chambers and CO, passage through the first 
chamber. CO, passage through the first chamber was 
detected when the temperature of the second chamber 
became equal to that of the first. A significant correlation 


Soda lime granules used in canisters to absorb CO, 
from anesthesia circuits contain a pH-sensitive dye to 
indicate its degree of exhaustion. However, unreli- 
ability of the color indicator has been reported (1-5). 
For example, the color change along the sides of the 
canister may not reflect the state of the absorbent 
throughout the canister since the expiratory gases 
pass along the sides more easily than through the 
center (1,2). In addition, a change in color from 
normal base to “exhausted” occurs rapidly when 
regenerated soda lime is used. Nevertheless, the 
color change of soda lime is still the most commonly 
used indicator of its exhaustion since, at present, 
there is no other simple and reliable technique. The 
increasing use of capnometry and mass spectrometry 
enables the inspired gas to be monitored for CO, 
content, and the color change may thus become a less 
important index for determining the state of exhaus- 
tion of soda lime. It would, however, be preferable to 
quantify the residual absorptive capacity so that the 
soda lime could be changed before it is completely 
exhausted. 

Soda lime produces heat when it reacts with CO,, 
and changes in the absorbent temperature occur 
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(R = 0.94; P < 0.001) was found between the magnitude 
of CO, passage through the first chamber and the difference 
in temperature between the chambers. When the maximal 
absorptive capacity of soda lime was reached, the pH of the 
surface of soda lime granules was still too high to change the 
indicator color. Exhaustion of scda lime is ‘more reliably 
recognized by measuring wall temperatures of the chambers 
than by observing color change of the soda lime granules. 


Key Words: EQUIPMENT, ABSORBER—heat 
generation. 


much earlier than the changes in color of the indicator 
(6). We therefore investigated the relationship be- 
tween the difference in heat production of two soda 
lime chambers arranged in series and their state of 
exhaustion to test the hypothesis that measuring the 
change in the temperature of the absorbent may be a 
more effective and more accurate means of quantify- 
ing the residual absorptive capacity than the indicator 
color. 


Methods 


The study protocol was approved by Kochi Medical 
School’s Committee for the Protection of Human 
Subjects. The studies were performed in 70 adult 
patients (ASA physical status I and II) anesthetized 
with halothane, nitrous oxide, and oxygen. A canis- 
ter, divided into two chambers, was filled with 1500 
gm (2 x 750 gm) of Wakolime®, soda lime with ethyl 
violet as a pH indicator. A baffle ring at the bottom of 
the chamber prevented channeling of expired air 
along the canister wall. Fresh anesthetic gas was 
delivered at a flow rate of 4 liters/min to the breathing 
circuit of a circle system. The patients were ventilated 
mechanically at a tidal volume of 10-15 ml/kg to 
maintain the PaCO, between 36 to 44 mm Hg except 
during neurosurgical procedures (25 to 35 mm Hg). 
The peak partial pressure of CO, passing through the 
first chamber [PPCO.(I)] was measured between the 
two absorptive chambers. End-tidal CO, (PECO,) 
was measured at the tracheal tube with a capnometer 





(750gx 2) 





Figure 1. Breathing circuit used in this study. T, Tı; wall temper- 
atures of the first and second absorptive chambers, respectively: 
PPCO,(]) is peak PCO, passage through the first absorptive 
chamber; PPCO,(I+H) is peak PCO, passage through the two 
absorbers in series. 


using NEC SAN-EI 1H21A. The peak passage of 
PCO, through the two chambers in series [PPCO, 
(I+ID)] was measured with a second capnometer 
(Hewlett-Packard 78345A) attached to the outlet of 
the canister. The changes in the wall temperature of 
the two chambers in series were calculated with two 
surface temperature sensing devices (TERUMO TF- 
DN). The changes in color of the soda lime were 
determined by observing the chambers (Fig. 1). All 
measurements were started one hour after the initia- 
tion of anesthesia. 


Study 1 


Twenty chambers in 10 canisters filled with fresh 
soda lime were used once a day. The changes in wall 
temperature of the absorber chambers, PPCO,(I), 
PPCO,([+I]), and the color were continuously and 
simultaneously monitored. In addition, the wall tem- 
perature of each of the 10 chambers in 5 canisters was 
recorded continuously on a two-channel recorder 
(SHIMADZU-112M). We defined that the maximal 
absorptive capacity was reached when the value of 
PPCO,0+I) became 4-5 mm Hg. 


Study 2 


The pH of the surface of the soda lime was measured 
in 10 canisters with completely exhausted absorptive 
capacity. Soda lime was sampled from four colored 
and four uncolored portions of each of the chambers, 
and the surface pH was determined by placing the 


TSUCHIYA AND UEDA 


wet sample on a pH test paper, DUOTEST®, pH 9.5- 
14.0, (Macherey-Nagell & Co.). The surface pH of 
fresh wet soda lime was determined in a similar 
manner. 

Data are expressed as means + sp. The statistical 
significance of differences between two mean values 
was tested by Student's t-test. P values of less than 
0.05 were considered significant. 


Results 


The mean values of the age, body weight, and height 
of the patients were 46 + 19 yr, 56 + 11 kg, and 158 
+ 12 cm, respectively. 


Study 1 


The cumulative time courses of the changes in tem- 
perature and color of the first and second chambers, 
and the CO, passage through the absorbents from 
one divided canister used in 9 patients are shown in 
Fig. 2. The time courses of those changes in 10 
canisters are summarized in Fig. 3. During the early 
stage using fresh soda lime, the temperature of the 
first chamber stayed 2.7 + 0.5°C higher than that of 
the second. As time went on, the temperatures of the 
two chambers became closer, and their relationship 
then reversed. The CO, passage through the first 
absorber was detected when the temperature of the 
second chamber equaled that of the first. The tem- 
perature of the second chamber exceeded that of the 
first before a change in color became apparent in the 
first chamber. The temperature difference between 
the chambers increased with a concomitant increase 
in CO, passage through the first absorbent. The CO, 
passage through the two chambers in series was then 
detected. The value of PPCO,(I+Il) stayed between 1 
to 2mm Hg for several hours and thereafter increased 
as rapidly as 1 mm Hg per 5 to 10 min. 

The color of the first chamber of 8 divided canisters 
used in 55 patients became purple, while the color of 
the second chamber did not change in any part of any 
of the 8 canisters. The color of the remaining 2 
divided canisters used in 15 patients changed at the 
center on the core of the first absorbent, which was 
invisible from the outside. But the relationship be- 
tween the wall temperature of the canister and 
PPCO,(1) of these 2 was the same as that of the other 
8 canisters. 

The relationship between the difference in temper- 
ature of the two chambers and PPCO.(I) was ex- 
pressed by an exponential equaiion using the least- 
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squares method. A significant positive correlation 
was found between the values of PPCO-(I) and those 
of the difference in temperature of the two chambers 
(Fig. 4). 


Study 2 


Figure 5 shows a histogram of the surface pH of the 
colored and uncolored portions of the exhausted soda 
lime. The mean values of the surface pH of colored 
soda lime granules and that of uncolored granules 
were 10.9 + 0.6 and 12.9 + 0.7, respectively. The 
surface pH of uncolored soda lime granules was 
significantly higher than that of the colored soda lime 
granules. The surface pH of fresh soda lime was 
above 14.0. 


Discussion 


The neutralization of one mole of CO, by soda lime 
produces heat equivalent to 13.7 kcal. The tempera- 
ture of the central axis of the absorber at different 
levels in a canister represents the efficacy of CO, 
absorption at each level (6,7). The temperature at the 
center of the canister is consistently higher than at the 
periphery, yet the pattern of temperature change is 


Figure 2. Time course of the temperatures of the walls of the 
chambers and the peak PCO, passage through the absorbent 
(PPCO,). One divided canister filled with fresh soda lime was used 
in 9 patients until the maximal absorptive capacity was reached, 
resulting in CO, rebreathing. 


similar at each level (8). The wall temperature of the 
absorber, lower than that of the central axis (6), is 
affected not only by CO, being absorbed but also by 
the surrounding room temperature. It is, however, 
much easier and more practical to measure the tem- 
perature of the wall of a soda lime canister instead of 
the central axis temperature within the canister dur- 
ing clinical anesthesia. 

One of the most important findings in our study 
was that there was a significant correlation between 
the partial pressure of CO, passing through the first 
chamber and the difference in wall temperatures 
between the two chambers (R = 0.94; P < 0.001). It 
was confirmed that the relationships between the 
partial pressure of CO, passing through the first 
chamber and the difference in wall temperatures 
between the two chambers observed when the fresh 
gas flow rate was 4 liters/min were also the same 
when the fresh gas flow rate was 0.5 liters as well as 
10 liters/min (data not shown). Once the temperature 
of the second chamber exceeded that of the first, the 
temperature of the first decreased as the temperature 
of the second increased. It is also important to point 
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granules of soda lime sampled from exhausted absorber is plotted 
against the surface pH of the soda lime granules. The surface pH of 
uncolored soda lime was significantly (P < 0.005) higher than that 
of the colored soda lime. 








a n=28 

5 absorption of CO). In clinical situations, it is impor- 
O Y=2.7X-0.3 

a. 


tant to realize that even when the soda lime absorp- 
r=0.94, p<0.001 tive capacity has been exhausted, the pH will still be 
too high to change the indicator color. 

We conclude that the dynamic and functional state 
of soda lime can be more precisely assessed by 
measuring changes in wall temperatures of the ab- 
4 sorptive chambers than observing color changes. 





2 3 


TEMPERATURE DIFFERENCE (ti -T ) Thus, monitoring of changes in the temperature of 
igure 4. The peak PCO, passage through the first absorptive the chambers of a divided canister is of clinical 
hamber (PPCO,(I)) is plotted against the differences in tempera- importance in order to maintain the patient’s carbon- 
ure between the two chambers in series, where the temperature of dioxide homeostasis during anesthesia. The time 


he second chamber was higher than that of the first. T) = wall N 
emperature of the first absorptive chamber, T,, = wall temperature when the temperature of the second chamber exceeds 


f the second absorptive chamber. that of the first should be employed as the clinical 
endpoint of the absorptive capacity of the first cham- 
ber. The first absorber should be discarded at this 
point and replaced by the second, with a new cham- 
ber containing fresh soda lime placed in the second 
chamber position. 


ut that the temperature of the second chamber 
surpassed that of the first before there was any 
ipparent color change in the first absorbent. Our 
indings represented strong evidence in support of 
yur hypothesis that CO, passage through the firt © — J _____ 
‘thamber can be readily and reliably surmised by The authors thank the entire staff of the Department of Anesthe- 
neasuring the wall temperature of the chambers. siology, Kochi Medical School, for their generous cooperation in 
The color indicator reflects the reduction of pH ön this siyen ANON, the authors highly appreciate the excellent 
} h ; editorial assistance provided by Ms. Keiko Shimosato. 
he surface of soda lime granules caused by the 
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Clinical Reports 


Autonomic Hyperreflexia in Spinal Cord Injured Patients during 
Extracorporeal Shock Wave Lithotripsy 


David F. Stowe, MD, PhD, Joseph S. Bernstein, Mp, Karin E. Madsen, mp, 
Donald J. McDonald, Mp, and Thomas J. Ebert, Mp, PhD 


Key Words: ANESTHESIA, uroLtocic—lithotripsy. 
SURGERY, uroLocic—lithotripsy. 
COMPLICATIONS—autonomic hyperreflexia. 


Extracorporeal shock wave lithotripsy (ESWL) is now 
widely used for treating kidney and ureteral stones as 
an alternative to percutaneous nephrolithotomy and 
surgical removal of stones (1). Patients with spinal 
cord injuries are quite prone to accumulate large 
stone burdens, especially staghorn calculi, which 
recur frequently and are difficult to pulverize with 
ESWL (2). Repeated shock waves normally elicit 
somatic and visceral pain. Patients with high spinal 
cord injuries, however, are left with motor and sen- 
sory loss below the level of the lesion and so do not 
generally require anesthesia for control of pain. But 
somatic and, particularly, visceral stimulation are 
well known to elicit reflex sympathetic vasoconstric- 
tion below the level of the lesion (3,4) which can 
trigger autonomic hyperreflexia (AHR) (5). AHR is 
known to occur frequently during bladder stimula- 
tion or urologic surgery in patients with spinal cord 
injuries above Ts (6). The occurrence of AHR during 
ESWL has not been reported. The aim of our retro- 
spective study was to examine if AHR occurs during 
ESWL in spinal cord injured patients given regional 
or general anesthesia. 
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Methods 


The hospital records of all patients having ESWL 
during a 24-month period at our institution were 
examined retrospectively. Fifty-two patients (all 
male, age 48 + 2 yrs) who had spinal cord injuries 
and underwent ESWL were identified and studied. 
All had complete spinal cord lesions resulting from 
trauma for at least five years. Each patient was given 
either general or regional anesthesia because of the 
possibility of developing AHR during ESWL. All 
patients received at least 500 ml of crystalloid intra- 
venously before anesthesia and all were monitored 
noninvasively for ECG, blood pressure, and oxygen 
saturation by pulse oximetry. When general anesthe- 
sia was used, it was induced with thiopental followed 
by a non-depolarizing relaxant prior to intubation; 
maintenance of anesthesia was with nitrous oxide 
and either halothane or isoflurane in oxygen. Spinal 
and epidural anesthetics were administered in the 
lateral decubitus position using standard techniques 
at the La, Lẹ or Ls interspaces. Most patients having 
regional anesthesia were given supplemental oxygen 
by nasal cannula and in some blood pressure was 
monitored by radial arterial cannulation. In patients 
with high spinal cord lesions who were given intra- 
thecal local anesthetics, the adequacy of anesthesia 
was assumed by a free flow of clear cerebrospinal 
fluid (CSF) with aspiration of CSF after injection of 
the anesthetic. In patients given spinal anesthesia 
with lidocaine (1-2 ml), 5% in D75W with 5 ug/ml 
epinephrine was used. In patients given epidural 
anesthesia the loss of resistance test, with 1 ml of air 
or saline, was used to assess needle (17 g) placement 
in the epidural space; after epidural catheter place- 
ment, 3 ml of 2% lidocaine with 5 ug/ml epinephrine 


t 
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was used to assess inadvertent placement of the 
catheter in an epidural vein. The choice between 
spinal and epidural anesthesia was based arbitrarily 
on the expected difficulty of the anesthetic technique 
and the expected duration of ESWL. Urinary bladder 
catheterization and ureteroscopy, if performed, were 
done after anesthesia was induced. All patients were 
immersed in water for ESWL (Dornier HM3, Munich, 
West Germany). ESWL for spinal cord injured pa- 
tients began 20 + 2 seM min after intrathecal or 
epidural injection and lasted 45 + 5 min. AHR was 
defined as an unexpected and abrupt increase in 
blood pressure accompanied by an equally abrupt 
decrease in heart rate. 

All values are expressed as means + standard 
error of means (SEM). Maximal changes in blood 
pressure and heart rate after the onset of anesthesia 
and during AHR were compared to values obtained 
before anesthesia and were evaluated for statistical 
significance by two-way analysis of variance and 
comparison among means by LSD tests. Chi-squared 
tests (2 by 2 tables) were used to determine if the 
occurrence (frequency) of AHR in patients in whom 
AHR occurred was statistically significant compared 
with an equal number of patients in whom AHR is 
not expected to occur (zero frequency). A probability 
value of P < 0.05 was considered statistically signifi- 
cant. 


Results 


Three of the 52 spinal cord injured patients under- 
went ESWL three times and six underwent ESWL 
twice for a total of 64 ESWL procedures. The figure 
shows the distribution of spinal lesions in the 52 
patients. Of the 64 anesthetics for ESWL, seven were 
general (three patients with lesions at C}, and one 
each with lesions at C;, T>, Ty, and T,>), one was an 
epidural (lesion at T3), and the remaining 56 anesthet- 
ics were spinal. 

AHR did not recur in any patient who had more 
than one ESWL treatment. The average time between 
onset of anesthesia and end of ESWL in patients not 
exhibiting AHR was 60 = 5 min. None of the five 
patients with lesions at C3, three of whom had 
impaired breathing and were given general anesthe- 
sia and two of whom had spinal anesthesia, devel- 
oped AHR. AHR developed once in 9 of the 52 
patients during ESWL and began 73 + 7 min after the 
onset of anesthesia (Fig. 1). Table 1 shows maximal 
changes in blood pressure and heart rate compared 
with preanesthetic controls in the 9 patients who 
developed AHR. Twenty-two of 23 patients with 
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127 LESIONS (n=52) 
104 O AHR (n=9) YY 


NUMBER OF PATIENTS 
Oo 





T5-8 T9-12 L1-5 
LOCATION OF LESION 
Figure 1. Number of patients with spinal cord lesions and those 


with AHR during ESWL. C, cervical; T, thoracic; L, lumbar; AHR, 
autonomic hyperreflexia. 


Table 1. Blood Pressure and Heart Rate before and 
during Autonomic Hyperreflexia that Developed in 
9 Patients 


BP (mm Hg) HR (b/min) 
Before anesthesia L270 & S72 = 5 ie ncaa A 
After anesthesiat 96 + 9*/58 + 4 82 + 7 
During AHR i996 = 1/112 = p 53 3 


BP, systolic/diastolic blood pressure; HR, heart rate; after anesthesia, 
average of minimal BP, and maximal HR; AHR, maximal BP and minimal HR 
levels during autonomic hyperreflexia; all values are means + SEM; 
*, P < 0.05 versus before anesthesia. 

tExcludes one patient who had general anesthesia. 


lesions at Cy, Cs, or C, had spinal anesthesia for 
ESWL; 6 of these 22, or 27%, had AHR. The observed 
frequency of AHR with ESWL in patients with cervi- 
cal cord lesions was significantly greater (P < 0.01) 
than an expected frequency of 0% without ESWL. Of 
the 24 patients with thoracic or lumbar cord lesions, 3 
of these, or 8%, experienced AHR; this frequency is 
not significant. Seven of the nine patients who devel- 
oped AHR had no prior history of AHR, although all 
9 had had prior surgery under general or spinal 
anesthesia. 

In one patient (C,) AHR occurred during ESWL 60 
min after intrathecal injection of 15 mg of isobaric 
0.75% bupivacaine. In five patients (C46) AHR oc- 
curred during ESWL, 90, and 95 min after 100 mg of 
lidocaine; 45 min after 80 mg lidocaine; 75 min after 50 
mg lidocaine; and 20 min after 50 mg lidocaine. In one 
patient (T3), AHR occurred during ESWL 85 min 
following epidural administration of 280 mg lidocaine 
(2%). In another patient (T,) AHR occurred 90 min 
after 100 mg lidocaine. In the final patient (T;) AHR 
occurred during ESWL 20 min after induction of 
general anesthesia with nitrous oxide and isoflurane 
following a failed attempt at spinal anesthesia. 

The hemodynamic changes of AHR appeared 
abruptly; in four of the 8 in whom AHR occurred 
during regional anesthesia, the onset of AHR was 
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accompanied by symptoms. One complained of chest 
pain, another complained of flank pain and two 
complained of headache. Hypertension, which lasted 
about 10-20 min, was treated intravenously in two 
patients with 10 mg hydralazine, in one patient with 
20 mg nifedipine and sublingual nitroglycerin, and in 
another with 5 mg labetalol. Bradycardia was treated 
intravenously with atropine 0.4-1 mg in two of these 
patients with rapid correction of heart rate. Blood 
pressure and heart rate had returned approximately 
to pre-AHR levels on admission to the postanesthesia 
care unit. None of the patients required additional 
antihypertensive medications. No episodes of AHR 
occurred in the postanesthesia care unit within one 
hour after completion of ESWL. 

Seven of the 28 patients with cervical cord lesions 
had a history of AHR but did not experience AHR 
with ESWL. Four of these patients had received 12-14 
mg of tetracaine (1%) and ESWL ended 40, 60, 90, 
and 150 min after onset of spinal anesthesia. The fifth 
and sixth patient, respectively, had received 75 mg 
and 100 mg of lidocaine, and ESWL ended 70 and 80 
min after the onset of spinal anesthesia. The seventh 
patient had general anesthesia with nitrous oxide and 
soflurane and ESWL ended 80 min after induction. 
An additional patient with a T, lesion had a history of 


AHR but did not experience repeat AHR during 
ESWL. 


Discussion 


=xtracorporeal shock wave lithotripsy (ESWL) is a 
1onsurgical method of pulverizing urinary tract 
stones by using focused shock waves (1). Anesthetic 
echniques employed to abolish the pain of ESWL 
nclude intercostal nerve blocks with local infiltration, 
zeneral anesthesia, spinal or epidural local anesthesia 
7-9), and more recently, epidural narcotics (10,11). 
Nith regional anesthesia a block between about T- 
ind L, is adequate for pain relief (3). 

AHR is a disorder of autonomic control of blood 
ressure (5) that can occur anytime after return of 
pinal cord reflexes following spinal cord injury. The 
ncidence of AHR increases the more cephalad the 
ord lesion (5,6). Distention of a hollow viscus and 
urgery are potent stimuli for development of AHR 
3-6,12). The neural pathway leading to AHR starts 
vith afferent impulses which enter the cord below 
he lesion; these impulses trigger massive reflex 
ympathetic activity primarily over the splanchnic 
utflow tracts with resultant vasoconstriction and 
typertension. Arterial baroreceptor stimulation leads 
ppropriately to reflex bradycardia and vasodilatation 
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above the cord lesion, but the sympathetic efferent 
impulses below the cord lesion are isolated from 
these reflexive inhibitory impulses so that vasocon- 
striction persists below the lesion. The end result is 
an increase in blood pressure and reflex bradycardia. 
Serious complications include cerebral, retinal, and 
subarachnoid hemorrhage, cardiac ischemia, and 
dysrhythmias (5,6,12). 

AHR occurs in 65 to 85% of all patients with spinal 
cord injury above T; (5). The most frequent location 
of traumatic spinal cord lesions are: C, > (48%), Tsg 
(13%) and T,_,5 (18%) (6). Patients with spinal cord 
injury above T, may not need anesthesia for control 
of somatic and visceral pain below the level of the 
lesion. To prevent AHR, however, either general 
anesthesia, which blunts autonomic reflexes, or re- 
gional anesthesia, which blocks afferent and auto- 
nomic efferent neural impulses, is needed. Epidural, 
spinal, and general anesthesia have been employed 
to avoid development of AHR in spinal cord injured 
patients undergoing urologic procedures (3,4,12). 

Schonwald et al. (4) found a 6% incidence of AHR 
in 100 spinal cord injured patients undergoing cys- 
toscopy or transurethral sphincterotomy; in six pa- 
tients mean blood pressure increased from 105/70 to 
175/115 mm Hg and was accompanied by headache. 
Of these patients in whom AHR developed, two had 
spinal anesthesia with tetracaine, two had general 
anesthesia, one had topical anesthesia, and one had 
been given only intravenous sedation. However, 
AHR occurred only during recovery 3 to 3.5 hrs after 
the onset of spinal or general anesthesia. This sug- 
gests recovery from the effects of the regional or 
general anesthetic had occurred at the time of AHR. 

The incidence of AHR in spinal cord injured pa- 
tients undergoing ESWL has not been reported pre- 
viously. One article (1) suggests that patients with 
spinal cord lesions do not require anesthesia for 
ESWL. Our review shows that although patients with 
spinal cord lesions had received general or regional 
anesthesia for ESWL to protect them from the poten- 
tial for AHR and its complications, not all were 
protected from developing AHR. A significant num- 
ber of patients (27%) with C4 « cord lesions developed 
AHR during ESWL, even though they had spinal 
anesthesia. Since the level of autonomic, sensory, 
and motor blockade during regional anesthesia could 
not be evaluated before or during ESWL, patients 
who developed the characteristic signs of hyperten- 
sion and bradycardia may have had a low, incom- 
plete, or worn-off block. Of the 28 patients with 
cervical cord lesions, 7 had a history of AHR yet only 
two developed AHR with ESWL. For these patients 
in whom AHR did not occur, we assume that the 
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general or spinal anesthetic was adequate to block or 
to attenuate the afferent or efferent autonomic ner- 
vous pathways and so prevent AHR during ESWL, or 
that ESWL did not trigger AHR. 

Our major observations are that ESWL can indeed 
precipitate AHR in patients with spinal cord injuries 
and that AHR can develop during ESWL even though 
patients are given general or regional anesthesia. Our 
limited anesthetic experience with ESWL in spinal 
cord injured patients indicates that ESWL can cause, 
unpredictably, sufficient stimulation of somatic and/ 
or visceral afferents in the area of the kidney to cause 
AHR in a significant number of patients. Because all 
spinal cord injured patients received either regional 
or general anesthesia for ESWL, we could not evalu- 
ate the effectiveness of anesthesia in preventing 
AHR. Suppression of autonomic spinal reflexes by 
either anesthetic method may protect against AHR 
during ESWL. We could not discern if general or 
regional anesthesia better protects against AHR with 
ESWL. For patients with high cervical cord lesions, 
we advise either sufficient general anesthesia or an 
adequate level of regional anesthesia to diminish the 
deleterious hemodynamic changes of AHR, should it 
occur during ESWL. 
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severe Reduction in End-Tidal PCO, following Unilateral 
Pulmonary Artery Occlusion in a Child with 


Pulmonary Hypertension 


Evidence for Reflex Pulmonary Vasoconstriction 


J. L. Schuller, Mp, and J. G. Bovill, MD, PhD, FFARCSI 


Key Words: LUNG, BLOOD FLow—pulmonary 
hypertension. CARBON DIOXIDE, TENSION— 
alveolar. 


Marked reductions in pulmonary blood flow de- 
creases carbon dioxide elimination from the lung. 
Therefore monitoring of end-tidal Pog, (PErCO.) is 
particularly useful in patients with restricted pulmo- 
nary blood flow in whom pulmonary flow may be 
interrupted during surgery (1). Here we report our 
findings in a patient with pulmonary hypertension, 
related to an increased pulmonary blocd flow, in 
whom a severe reduction in Pp,;CO, occurred after 
occlusion of one pulmonary artery. 


Report of a Case 


A 4month-old, 4.5 kg boy was admitted because of 
heart failure and cyanosis. His heart rate was 130 
beats/min, respiratory rate was 60 breaths/min, and 
hematocrit was 0.52. A chest radiograph showed an 
enlarged heart and pulmonary congestion. Cardiac 
catheterization revealed a large ventricular septal 
defect, subaortic outflow tract obstruction, and se- 
vere pulmonary hypertension. Systemic venous 
blood was entering the aorta and pulmonary venous 
blood was entering the pulmonary artery. Sequen- 
tially measured pressures were 69/35 mm Hg in the 
aorta, 92/0 mm Hg in the left ventricle, 72/15 mm Hg 
in the right ventricle, and 85/27 mm Hg in the 
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pulmonary artery. An arterial blood sample obtained 
when the patient was breathing air had a pH of 7.38, 
a PCO, of 46 mm Hg, and a PO, of 37 mm Hg. 

The child was scheduled for a Blalock-Hanlon 
procedure and banding of the pulmonary artery. He 
was premedicated with morphine 0.5 mg and atro- 
pine 0.1 mg subcutaneously. Anesthesia was induced 
with 60% nitrous oxide in oxygen and halothane. 
Pancuronium 0.5 mg was given for muscle relaxation 
and the trachea was intubated with a 4.0-mm un- 
cuffed tube. After intubation the lungs of the patient 
were ventilated with 50% nitrous oxide in oxygen 
using an automatic ventilator with a minute volume 
of 3.5 l/min and a respiratory rate of 30 breaths/min. 
P;;CO, was monitored with a Siemens Elema 930 
CO, analyzer. A cannula was inserted in the right 
radial artery for monitoring arterial blood pressure. 
Fentanyl, 20 wg, was given IV before the start of 
surgery. A peripheral arterial blood sample obtained 
after skin incision had a pH of 7.36, a PCO, of 42 mm 
Hg, and a PO, of 49 mm Hg. 

When the right pulmonary artery was occluded 
with a vascular snare prior to attempting the Blalock- 
Hanlon procedure there was an immediate, severe 
reduction in P,,CO, and an increase in arterial blood 
pressure. The vascular snare on the right pulmonary 
artery was loosened, the trachea was suctioned and 
auscultation of the chest revealed normal bilateral 
breathing sounds. The FIO, was increased to 1.0. The 
right pulmonary artery was again occluded and again 
there was a severe decrease of PerCO, from 4.7 to 
0.6% while arterial blood pressure increased initially 
from 58/44 to 89/55 mm Hg and slowly increased 
further to 97/75 mm Hg (Fig. 1). The vascular snare on 
the right pulmonary artery was loosened again. It 
was decided to perform banding of the mainstem of 
the pulmonary artery before proceeding to the Bla- 
lock-Hanlon procedure. After banding the pressure 
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Figure 1. Arterial blood pressure and P.-;CO, during occlusion of 
the right pulmonary artery, before banding. At the first arrow the 
right pulmonary artery was occluded by a vascular snare. At the 
second arrow the vascular snare was released. 
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Figure 2. Arterial blood pressure and PẹrCO, during occlusion of 
the right pulmonary artery after banding. At the arrow the right 
pulmonary artery was occluded by a vascular snare. 


in the pulmonary artery decreased to 36/18 mm Hg. 
The pressure in the radial artery was 67/43 mm Hg. 
Arterial blood pH was 7.38, PCO, 38 mm Hg, and 
PO, 45 mm Hg. When the right pulmonary artery 
was now occluded, P_;;CO, decreased only from 3.9 
to 3.4% and arterial blood pressure increased from 75/ 
48 to 84/48 mm Hg (Fig. 2). A Blalock-Hanlon proce- 
dure was performed. At the end of surgery, when 
FIO, was 0.5, pH was 7.40, PCO; 34 mm Hg, and PO, 
48 mm Hg. Atropine 0.1 mg and neostigmine 0.3 mg 
were administered IV. Spontaneous ventilation 
started and the child was extubated. Postoperatively, 
the heart rate was initially 185 beats/min but de- 
creased within 2 hours to between 138 and 148 beats/ 
min after subcutaneous administration of morphine 
0.5 mg. The respiratory frequency varied between 70 
and 80 breaths/min. Furosemide 5 mg IV was admin- 
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istered. Postoperative fluids were administered at 
a rate of 10 ml/hour. Urine production was 10 ml/ 
hour. Eleven hours after surgery poor peripheral cir- 
culation with peripheral cyanosis developed. Cal- 
clum gluconate, 100 mg, and dopamine up to 25 

ug'kg '-min ' were administered IV. Arterial blood 
pH was 7.36, PCO, 41 mm Hg, and PO, 48 mm Hg 
while receiving extra oxygen by a head box. A chest 
radiograph revealed an enlarged heart with clear lung 
fields. The child was transported to the operating 
room for debanding. Upon arrival heart rate sud- 
denly decreased from 154 beats/min to 64 beats/min. 
The child was rapidly intubated, the thorax was 
opened and debanding was performed. Heart rate 
immediately returned to 158 beats/min. Forty-five 
minutes after debanding ventricular fibrillation devel- 
oped. Resuscitation was unsuccessful. Autopsy re- 
vealed a criss-cross heart, atrioventricular concor- 
dance, a ventricular septal defect with a straddling 
left atrioventricular valve, upstairs-downstairs rela- 
tion of the ventricles, a double outlet right ventricle, 
and a subvalvular aortic stenosis. 


Discussion 


In patients without cardiopulmonary disease occlu- 
sion of one pulmonary artery causes minimal changes 
in Pp-CO, provided the ventilation to the contralat- 
eral lung is normal. In our patient the decrease in 
PgrCO, after occlusion of the right pulmonary artery 
is unlikely to have been due to inadequate ventilation 
of the left lung. On auscultation bilateral breathing 
sounds were present. Also occlusion of the right 
pulmonary artery after banding caused only minimal 
changes in PerCOĻ. 

When one pulmonary artery is occluded the car- 
diac output has to be accommodated by the non- 
occluded lung. In humans without cardiopulmonary 
disease this increased flow does not result in a major 
increase in pulmonary artery pressure since the non- 
occluded lung decreases its vascular resistance (2). 
The decrease in pulmonary vascular resistance is due 
to a combination of vascular dilatation and recruit- 
ment of previously nonperfused vessels. For patients 
with severe pulmonary hypertension the ability to 
decrease vascular resistance by distension and/or 
recruitment may be limited. In these patients clamp- 
ing of one pulmonary artery will result in a marked 
increase in pulmonary arterial pressure, but flow 
through the other lung will be maintained. However 
the severity of the decrease in PCO, in our patient 
from 4.7 to 0.6%, indicates almost complete cessation 
of blood flow to the left lung. 
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In dogs pressor receptors have been located in the 
vicinity of the bifurcation of the pulmonary artery (3). 
In animals without pulmonary hypertension disten- 
sion of a pulmonary artery in the region of the 
bifurcation results in an increase in distal pulmonary 
artery pressure which was attributed to reflex pulmo- 
nary vasoconstriction (4-6). Clamping of a pulmo- 
nary artery does not result in reflex pulmonary vaso- 
constriction (7). Reflex pulmonary vasoconstriction is 
only seen when the pulmonary artery is distended in 
the region of the bifurcation. In lambs the pulmonary 
vasoconstrictive reflex decreases during the first 
months of life (8). There is evidence that this reflex is 
also present in human infants (9). Reflex pulmonary 
vasoconstriction is thought to be important in main- 
taining a high pulmonary vascular resistance during 
fetal life, promoting blood flow through the ductus 
arteriosus from the pulmonary artery into the aorta 
(8). 

The existence of a pulmonary vasoconstrictive re- 
flex has been questioned (10,11). Constriction of 
pulmonary vessels following distension of the pul- 
monary artery has never been demonstrated, only 
increases in pulmonary artery pressure. We did not 
monitor pulmonary arterial pressure in our patient 
during the period of right pulmonary artery occlu- 
sion. However, in our opinion, the findings in our 
patient provide further evidence for the presence of a 
pulmonary vasoconstrictive reflex in human infants. 
With occlusion of the right pulmonary artery the total 
pulmonary blood flow had to. be accommodated by 
the left pulmonary artery. Because of the existing 
pulmonary vascular disease this would have resulted 
in a further increase in pressure in the pulmonary 
artery and distension of the pulmonary artery with 
activation of the reflex. The resulting pulmonary 
vasoconstriction led to a marked decrease in blood 
flow to the left lung and thus the fall in PẹrCO,. 
Because of the presence of a ventricular septal defect 
blood flow was redirected into the aorta increasing 
arterial blood pressure. 
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In summary, while demonstrating the value of 
monitoring PgrCO, in a patient with pulmonary 
hypertension in whom occlusion of the right pulmo- 
nary artery was surgically attempted we report evi- 
dence suggesting activation of a pulmonary vaso- 
constrictive reflex secondary to pulmonary artery 
distension. 
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Malignant Hyperthermia-Like Syndrome Associated with 


Metrizamide Myelography 


Robert O. Ong, Mp, and Henry Rosenberg, MD 


Key Words: HYPERTHERMIA—differential 
diagnosis. 


Malignant hyperthermia (MH) is a potentially fatal 
syndrome occurring during or after anesthesia con- 
ducted with potent inhalation anesthetics agents and/ 
or succinylcholine (1). Fever is the most distinctive 
sign and is usually accompanied by severe acidosis, 
tachycardia, tachypnea, and muscle rigidity. 

We report a case of a life threatening reaction to an 
intrathecal injection of metrizamide (Amipaque), a 
nonionic, iodinated, water-soluble contrast media, 
after anesthesia conducted with MH triggering anes- 
thetics. Because fever, acidosis, and muscle hyperto- 
nicity suggested a diagnosis of MH, dantrolene ther- 
apy was instituted. However, subsequent muscle 
biopsy and testing with halothane and caffeine failed 
to substantiate the diagnosis. 

With increased suspicion of MH, it is important to 
recognize that not all postoperative fevers are caused 
by MH and that successful management requires a 
careful consideration of other possibilities after initial 
treatment of suspected MH proves unresponsive to 
therapy. 


Case Report 


D.E.H. was a 25-year-old, 114-kg man initially admit- 
ted to another hospital for elective laminectomy and 
discectomy after a history of severe post-traumatic 
back and leg pain. Past medical history was unre- 
markable except that the patient had repair of a 
testicular torsion at age 6 years without problems 
(anesthetics unknown). There was no family history 
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of anesthesia-related problems. Preoperatively, the 
patient appeared to be in good health. 

Admission laboratory findings included hemoglo- 
bin 15.3 g%, sodium 142 mEg/liter, potassium 4.1 
mEq/liter, and CPK 202 [U/liter (normal limits 37-289 
[Ufliter). Urinalysis and chest X-ray were within 
normal limits. The patient was premedicated with 
glycopyrrolate 0.2 mg, meperidine 75 mg, and 
promethazine 2.5 mg intramuscularly. After anesthe- 
sia was induced with thiopental 400 mg, succinylcho- 
line 100 mg IV was administered, and the patient was 
intubated and turned to the prone position. No 
problems were encountered during intubation. An- 
esthesia was maintained with isoflurane plus nitrous 
oxide in oxygen. Relaxation was provided with atra- 
curium 50 mg IV in divided doses as indicated by the 
response to ulnar nerve stimulation. The procedure 
lasted 3.5 hours. There was no muscle rigidity or 
fever. During surgery, a myelogram of the lumbar 
region was performed with 10 ml of metrizamide 
contrast media at a concentration of 200 mg/ml io- 
dine. At the end of the procedure, the patient's 
residual muscle paralysis was reversed with neostig- 
mine 3 mg and glycopyrrolate 0.6 mg, and his trachea 
was extubated without any problems. 

One hour after arriving in the recovery room, the 
patient had the onset of generalized itching. His heart 
rate was 165 beats/minute. He was given meperidine 
25 mg IV, midazolam 2 mg IV, and propranolol 0.5 
mg IV. At this time, his rectal temperature was 
101.9°F (38.8°C). Within the next hour, the patient 
began having periodic jerks of his arms and legs 
every 3-5 minutes, lasting 1-2 minutes. An arterial 
blood sample showed mild acidosis with pH 7.29, 
pO, 115 mm Hg, and pCO, 47 mm Hg, HCO; 26 
mEgq/liter. 

The presumptive diagnosis of malignant hyper- 
thermia was made, and the patient was given dan- 
trolene 2 mg/kg IV. However, his temperature rose to 
102°F (39°C) over the next hour. Arterial blood gas 
data included pH 7.15, pO, 72 mm Hg, pCO, 65 mm 
Hg, HCO 28 mEgd/liter at that time. A second dose of 
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dantrolene 1 mg/kg of body weight IV with intrave- 
nous normal saline solution plus 2 mg/kg of furose- 
mide, 1.5 gm/kg of mannitol, and 1 mEq/kg of bicar- 
bonate were given without significant improvement. 
Eventually, because of a seizure and later cyanosis, 
he was reintubated and given supplemental oxygen 
and mechanically ventilated with FIO, 1.0 tidal vol- 
ume 1000 ml, ventilatory rate of 20/minute and PEEP 
'10 cm H,O. Another arterial blood gas sample re- 
vealed a pH of 6.97, pO, 37 mm Hg, pCO, 101 mm 
Hg. There was evidence of pulmonary edema on 
chest X-ray film. Serum creatinine phosphokinase 
(CPK) level increased to over 4000 IU/liter 3 hours 
after the surgery, and the urine was pink-tinged, 
presumably indicative of myoglobinuria. Tests for 
myoglobinemia were not performed. 

With further symptomatic treatment including 
phenytoin 1 gm IV for control of seizures and respi- 
ratory support, the patient’s fever resolved, breath- 
ing function returned to normal, and within 48 hours 
mechanical ventilation was discontinued. His recov- 
ery thereafter was uneventful. 

Because of the suspicious nature of the episode, 
especially the unexplained fever occurring after an 
anesthetic with agents known to be MH triggers, the 
patient was referred to us for a diagnostic muscle 
biopsy 3 months later. Testing of the biopsied vastus 
lateralis muscle with halothane and caffeine (1) re- 
vealed a completely normal response (maximum con- 
tracture to 3% halothane of 0.4 g arid no contracture 
to 2 mM caffeine). 


Discussion 


The differential diagnosis of fever after anesthesia 
includes infection, allergy, drug reaction, MH, and 
an alteration of metabolism as may occur with thyroid 
storm. Because of the use of two well-known MH 
triggering agents in the present case (succinylcholine 
and isoflurane) and development of tachycardia, 
flushing, hyperventilation, acidosis, rhabdomyolysis, 
possible myoglobinuria and elevated CPK, a diagno- 
sis of MH was made. 

However, the failure of a prompt response to 
dantrolene and the peculiar seizure-like activity were 
atypical for MH. There was no clinical evidence of 
thyroid disorder, pheochromocytoma, or infection 
that might account for the postoperative events this 
patient experienced. 

Metrizamide (Amipaque) is a nonionic, water- 
soluble contrast agent widely used for myelography. 
Its specific gravity ranges from 1.184 at 170 mgl/ml to 
1.329 at 300 mgl/ml (CSF normal range is 1.005 to 


CLINICAL REPORTS 


1.009). Although it is a hyperbaric contrast agent, 
metrizamide diffuses or is actively transported slowly 
cephalad through the cerebrospinal fluid (CSF) after 
subarachnoid placement, irrespective of the position 
in which the patient is maintained. After lumbar 
injection in a semi-sitting position, for example, small 
concentrations can be demonstrated in the posterior 
fossa after 6 hours and over the cerebral convexities 
after 24 hours (2). Most common side effects, e.g., 
headache (58%), nausea and vomiting (70%), dizzi- 
ness (18%), and mental confusion (8%), reach a peak 
several hours after injection (3). Seizures are rare, and 
temperature elevation is most common in patients 
under 18 years old (4). Metrizamide may also be 
associated not only with fever but also with spinal 
hyperactivity in the form of prolonged myoclonic 
spasms of the trunk and lower extremities. This was 
first documented by Paling et al. (56-8). Animal stud- 
ies (9-13) demonstrated that muscle hypertonicity 
and spasm occurred a few hours after dye injection. 
Presumably, the reason for delayed onset is the time 
necessary for the dye to ascend into the basal cisterns 
(7,8). Because in this case the myelogram was per- 
formed with the patient in the prone position with 
the back flat but head down, it is conceivable that the 
dye ran up from the low back to the head. If a patient 
is tilted head down, a higher intracranial concentra- 
tion is achieved and more cerebral side effects may be 
expected (14,15). 

Metrizamide diffuses readily across the pia mater 
or ependyma into subjacent brain (16,17). The prob- 
ability of intrathecal metrizamide side effects is not 
only dose-related but also site-dependent (14). Corti- 
cal penetration and probably severe reactions with 
metrizamide are, however, rare with total doses less 
than 1.6 g given intrathecally. Most neurotoxic effects 
probably occur by a direct effect of metrizamide on 
central nervous system (CNS) function. Bertoni 
(18,19) demonstrated that metrizamide competitively 
inhibits brain hexokinase, probably because its glu- 
cosamine moéeity acts as a glucose analog (20). An- 
other possible mechanism of CNS toxicity is an inhi- 
bition of acetylcholinesterase activity (21). 

In summary, to the list of the many possible 
etiologies of temperature elevation after surgery, we 
can add yet another: reaction to radiologic contrast 
material injected into the subarachnoid space. The 
case reported here illustrates that not all postopera- 
tive fevers represent MH. In situations in which the 
diagnosis of MH is suspected but the signs of MH are 
atypical or the response to dantrolene unusual, fol- 
low-up muscle biopsy utilizing halothane and caf- 
feine contracture test protocol is advised. 
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Dose-Response Study of Droperidol and Metoclopramide as 
Antiemetics for Outpatient Anesthesia 


Sujit K. Pandit, Mp, Sarla P. Kothary, mp, Uma A. Pandit, mp, Gail Randel, mp, and 


Loren Levy, MD 
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ANESTHETICS, INTRAvVENOUs—droperidol. 
GASTROINTESTINAL TRACT, STOMACH— 
metoclopramide. 


During the past decade the demand for outpatient 
surgery has grown rapidly. To keep pace with the 
changing surgical environment, anesthesiologists 
have been modifying their anesthetic techniques to 
ensure a more rapid and a smoother recovery. How- 
ever, postoperative nausea and vomiting remain the 
most common anesthesia-related side effects in out- 
patient surgical facilities (1,2). The incidence of post- 
operative nausea and vomiting in female outpatients 
undergoing laparoscopy has been reported to be as 
high as 50-60% (3). The incidences after strabismus 
surgery (4) and after therapeutic abortions (5) are also 
high. A prophylactic antiemetic would be of great 
value in outpatient surgery and anesthesia. 

A large number of papers have been published 
suggesting the use of droperidol, a butyrophenone 
derivative, as a prophylactic antiemetic agent. Al- 
though the majority of the authors found droperidol 
to be an effective antiemetic, the recommended doses 
vary widely (4,6-8). However, side effects, especially 
somnolence, have been reported with larger doses 
(4,9). Metoclopramide, a dopaminergic receptor 
blocker devoid of sedative effects, has also been 
advocated as an antiemetic, but conflicting results 
have been reported regarding its efficacy (5,10-14). A 
recent paper by Rao, et al. (15) reported no nausea or 


The results of the paper were presented in an abstract form at 
the Annual Meeting of the American Society of Anesthesiologists, 
Atlanta, Georgia, October 9-13, 1987. 

Received from The University of Michigan Medical Center, 
Department of Anesthesiology, Ann Arbor, Michigan. Accepted 
for publication December 12, 1988. 

Please address reprint requests and correspondence to Dr. Sujit 
K. Pandit, mp, Department of Anesthesiology, University of Mich- 
igan Medical Center, 1500 East Medical Center Drive, Box 0048, 
Ann Arbor, MI 48109. 


©1989 bv the International Anesthesia Research Societv 


vomiting at all after oral metoclopramide (10 mg) in 
female patients undergoing a laparoscopy, thus rais- 
ing many expectations among the anesthesiologists 
practicing outpatient anesthesia. 

Because of these conflicting results and because 
the efficacy of a combination of droperidol and meto- 
clopramide has not been evaluated we carried out a 
double blind and randomized controlled dose- 
response study with three different intravenous 
doses of droperidol, two standard doses of oral 
metoclopramide, and a combination of the two 
agents in adult females undergoing outpatient lapa- 
roscopy under general anesthesia. 


Methods 


The institutional ethical committee at this medical 
center approved the study, and each patient gave 
written consent to participate. One hundred and 
forty adult females, ASA physical status 1 or 2, 
scheduled for an outpatient laparoscopy participated 
in this study. The antiemetic agents were dispensed 
in a randomized double-blind fashion (see Table 1). 
Each patient received both a pill (either a lactose 
placebo or metoclopramide) and an intravenous in- 
jection (saline placebo or droperidol). The oral agents 
were given about 30 min prior to induction of anes- 
thesia and the intravenous agents were administered 
2 min prior to induction. A nurse not involved in any 
of the subsequent evaluations, dispensed and admin- 
istered the medications following a computer- 
generated random list. There were seven groups with 
20 patients in each group. 

The anesthetic regimen was standard for all pa- 
tients. Each patient was pretreated with fentanyl 1 
g/kg 2 min prior to induction of anesthesia with 
thiamylal 4 mg/kg. Vecuronium 0.1 mg/kg was used 
to facilitate tracheal intubation. Anesthesia was main- 
tained with gradually decreasing concentrations of 
enflurane (2.5% to 0.5%) in nitrous oxide and oxygen 
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Table 1. Medications Received by Patients in 
Different Groups 








Intravenous 

Group N Oral medication medication 

] 20 Metoclopramide 5 mg Placebo 

2 20 Metoclopramide 10 mg Placebo 

3 20 Placebo Droperidol 5 pg/kg 

4 20 Placebo Droperidol 10 pg/kg 

5 20 Placebo Droperidol 20 pg/kg 

6 20 Placebo Placebo 

7 20 Metoclopramide 10 mg Droperidol 10 pg/kg 


(2:1 l/m). Additional vecuronium was used if neces- 
sary, but additional narcotics were avoided. The 
enflurane was turned off when the surgeon started to 
close the wound and the nitrous oxide was turned off 
when the skin suturing was completed. The effect of 
the muscle relaxant was reversed with neostigmine 
and glycopyrrolate when the surgical dressings were 
applied. 

Postanesthetic care and observations were also 
standardized. The same blinded observer (SPK) per- 
formed all the assessments in the recovery room and 
conducted telephone follow-up after 24 hours. All 
recovery times (described below) were measured 
from the time that nitrous oxide was discontinued. 
The time to complete orientation (ability to correctly 
tell day, date, and date of birth) and the time before 
the patient was able to walk to the bathroom were 
recorded. Patients were discharged following preset 
clinical criteria (16) (stable blood pressure, pulse rate, 
and respiratory rate, absence of respiratory problems, 
presence of gag reflex, ability to ambulate, ability to 
void, ability to tolerate oral fluid) and the time to 
discharge was noted. 

Patients complaining of severe pain in the recovery 
room were given fentanyl 25 ug IV which was re- 
peated once or twice if necessary. If patients could 
tolerate oral medication, ibuprofen 400-600 mg was 
given for pain. All patients were discharged with a 
prescription for oral ibuprofen to be taken if neces- 
sary. In cases of excessive nausea and vomiting, 
prochlorperazine 5 mg IV was used. If more than one 
dose of antiemetic was required, the subsequent 
medications were either same dose of prochlorpera- 
zine or droperidol 0.6 mg IV. 

The frequency of nausea and vomiting was as- 
sessed by direct questioning every 15 min in the 
recovery room and by telephone 24 hours after the 
operation. The frequency was recorded in 3 catego- 
ries: no nausea or vomiting or retching; nausea only; 
both nausea and either vomiting or retching. The 
severity of the symptoms was further recorded on the 
basis of additional antiemetic therapy required in the 


ANESTH ANALG 799 
1989;68:798-802 


recovery room (none, one dose, or more than one 
dose). 

One way analysis of variance (ANOVA) was used 
for parametric data analysis. To compare the inci- 
dence of nausea/vomiting between the placebo group 
and the other groups, a chi-square test was used for 
nonparametric analysis. 


Results 


The seven groups (N = 20) were comparable with 
regard to age, weight, height, duration of anesthesia, 
and use of fentanyl in the recovery room. The aver- 
age duration of anesthesia was 70 minutes (Table 2). 

The incidence of nausea and vomiting in the seven 
groups is shown in Table 3. Patients in group 6, who 
received an oral placebo as well as an intravenous 
placebo, had the greatest frequency of nausea and 
vomiting (65%). Twenty-five percent had nausea only 
and 40 percent had both nausea and vomiting. Only 
groups 4 (placebo plus droperidol 10 ug/kg), group 5 
(placebo plus droperidol 20 pg/kg), and group 7 
(metoclopramide 10 mg plus droperidol 10 ug/kg) 
were significantly different than the group 6 (placebo 
plus placebo). Groups 1, 2, and 3, which received 
either oral metoclopramide (and placebo intrave- 
nously) or a small dose of droperidol 5 wg/kg IV (and 
oral placebo), were not significantly different from 
group 6 (placebo plus placebo). In other words, only 
in the groups that received at least 10 ug/kg of 
droperidol (with or without oral metoclopramide) 
was there a significant reduction in the incidence of 
nausea and vomiting compared to the group receiv- 
ing placebos. 

The incidence of patients requiring additional 
doses of antiemetics in the recovery room is shown in 
Table 4. The only group that needed no additional 
antiemetic in the recovery room was group 5, which 
received oral placebo plus droperidol 20 ug/kg IV 
prophylactically. This was also the only group which 
was statistically different from group 6 (placebo plus 
placebo) in this regard. In addition, although the 
results were not statistically significant, it is impor- 
tant to note that none of the patients who received at 
least some droperidol as prophylactic treatment (5, 
10, or 20 wg/kg) needed more than one additional 
treatment. This was not true for patients receiving 
only metoclopramide or placebo. 

Times to orientation, ambulation, and discharge 
are shown in Table 5. ANOVA analysis showed no 
significant difference among the groups. However, 
there was a trend toward faster recovery in patients 
who received metoclopramide. 


Table 2. Demographic Parameters and Duration of Anesthesia in Seven Groups 


Age (yrs) 
Groups mean + sD 
Metoclopramide 5 mg 30.3 
plus placebo + (6.59) 
Metoclopramide 10 mg 31.1 
plus placebo +(7.11) 
Placebo plus 30.0 
droperidol 5 ug/kg + (7.24) 
Placebo plus 30.3 
droperidol 10 ug/kg + (5.65) 
Placebo plus 29.0 
droperidol 2 0 pg/kg +(5.68) 
Placebo plus 31.5 
placebo +(4.49) 
Metoclorpramide 10 mg 29.0 
plus droperidol 10 pg/kg +6.51 


ANOVA analysis show no difference among the groups. 


Table 3. Frequency of Nausea and Vomiting {as 
percentage of 20 patients in each group) in the 
Recovery Room 


No 
nausea Nausea Any 
Or Nausea and nausea/ 
vomiting only vomiting vomiting 
Groups (%) (%) (%) (%) 
Meto 5 mg plus 45 30 25 55 
placebo 
Meto 10 mg plus. 55 25 20 45 
placebo 
Placebo plus 60 20 20 40 
Drop 5 pe/kg 
Placebo plus 75 20 5 25* 
Drop 10 pg/kg ` 
Placebo plus 80 10 10 20* 
Drop 20 pg/kg 
Placebo plus 35 25 40 65 
placebo 
Meto 10 mg plus 79 20 5 25° 
Drop 10 ug/kg 


Chi-square tests were performed with raw numbers (percentage of total 


shown in the table). 
*P < 0.05 (Group 6 placebo plus placebo significantly different from 


group 4 (droperidol 10 ug/kg), group 5 (droperidol 20 ng/kg), and group 7 
(metoclopramide 10 mg plus droperidol 10 ug/kg). 


Table 6 shows the discharge times of all patients, 
grouped according to whether or not they were 
nauseated and/or vomited in the recovery room. 
Irrespective of antiemetic therapy received, the pres- 
ence of nausea and vomiting significantly increased 
discharge times. 

The incidence of nausea and vomiting during 
transit from the hospital to residence and also at 
home was low (5-10%), and there were no significant 
differences between the groups. Most patients (85- 


Height 


(cm) 


mean + SD 


Weight 
(Ibs) 


mean +t SD 


139.2 
+ (32.87) 
144.1 
+ (28.38) 
139.1 
+ (34.50) 
132.6 
+ (20.91) 
137.6 
+ (27.86) 
139.7 
+ (34.74) 
143.1 
+21.05 
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Table 4. Percentage of Patients Requiring Additional 
Antiemetic Therapy in the Recovery Room 


Two or 
No One more 
additional additional additional 
treatment treatment treatment 


Groups (%) (%) (%) 

Metoclopramide 70 25 5 
5 mg 

Metoclopramide 75 10 15 
10 mg 

Droperidol 90 10 0 
5 pg/kg 

Droperidol 85 15 0 
10 pg/kg 

Droperidol 100* 0 0 
20 ugikg 

Placebo 60 35 5 

Metoclopramide 90 10 0 
10mg plus 


droperidol 10 pg/kg 


Chi-square tests were performed with raw data. Only group 5 (droper- 
idol 20 g/kg) was significantly different from placebo (group 6). 
"P < 0.05. 


90%) felt normal by the day after the operation. There 
were no cases of protracted nausea and vomiting that 
needed either hospital admission or further antieme- 
tic therapy at home. 


Discussion 
The results of our study confirmed that droperidol, a 
butyrophenone derivative given at the time of induc- 


tion of anesthesia in appropriate doses, is an effective 
antiemetic in female patients undergoing outpatient 
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Table 5. Times to Orientation, Ambulation and Discharge 
(minutes, mean + sD) 


Groups Orientation | Ambulation Discharge 

Metoclopramide 16.7 + 6.50 128.5 + 35.88 169.5 + 60.82 
5 mg 

Metoclopramide 17.2 + 5.00 1245+ 39.00 167.3 + 62.86 
10 mg 

Droperidol 18.3 + 5.20 146.5 + 42.50 185.3 + 37.01 
5 pg/kg 

Droperidol 18.7 + 6.95 149.8 + 55.12 189.8 + 73.55 
10 pg/kg 

Droperidol 17.0 + 6.96 142.3 + 45.52 179.5 + 43.04 
20 ug/kg 

Placebo 15.3 + 5.25 150.3 + 48.44 202.0 + 68.72 

Combination 17.9 + 5.74 134.8 + 38.64 197.0 + 83.45 


ANOVA showed no difference among groups. 


Table 6. Discharge Time for All Patients With or Without 
Nausea/Vomiting 


Time to discharge 


Symptom N minute (mean + $D) 
No nausea/vomiting 85 165.9 + 47.02 
Nausea only 30 196.8 + 54.86" 
Nausea and vomiting 25 231.8 + 88.82"" 


ANOVA showed significant difference (*P < 0.05) between the groups. 
*P < 0.05 versus no nausea/vomiting. 
“*P < 0.0001 versus no nausea/vomiting. 


laparoscopy. Metoclopramide, on the other hand, 
when given orally at a standard (5 or 10 mg) dose 30 
minutes before induction of anesthesia, was no dif- 
ferent than a placebo as an antiemetic agent. The 
results of this prospective randomized study should 
clear up much of the existing confusion regarding 
both the appropriate dose of droperidol as an antie- 
metic as well as the lack of effectiveness of metoclo- 
pramide as an antiemetic. 

Droperidol had been reported to be effective in 
doses as small as 0.25 mg (Shelley ES and Brown HA: 
Antiemetic effect of ultra low dose droperidol. ASA 
Annual Meeting abstract, 1978) and 5 pg/kg (6), and 
as large as 2.5 to 5 mg (4,8,17,18), although a proper 
dose-response study in a standard patient population 
had not been done previously. We found the lower 
dose of 5 ug/kg (approximately 0.3 mg in a 70-kg 
person) to be unreliable as an antiemetic, but both 10 
and 20 ug/kg (approximately 0.625 mg and 1.25 mg 
for a 70-kg person) respectively were more effective 
than a placebo. The 20-ug/kg prophylactic dose not 
only reduced the incidence of nausea and vomiting in 
these patients but also eliminated the need for addi- 
tional antiemetic agents during recovery in those few 
patients who still felt nauseated. Thus, 20 pg/kg 
droperidol was able to reduce both the frequency as 
well as severity of the symptoms. 
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Droperidol is not devoid of side effects. Extrapy- 
ramidal symptoms (19) as well as bizarre psychosis 
(20,21) have been reported following premedication 
with droperidol. We made it a point to administer 
droperidol immediately prior to induction of anesthe- 
sia to avoid those possible side effects. The other 
reported side effect of droperidol is prolonged post- 
operative sedation. This side effect has been reported 
only after the use of larger doses of droperidol, 2.5 
mg or higher (4,9). We found that a modest dose (1.25 
mg per 70 kg) of droperidol was not only an effective 
antiemetic but did not cause excessive sedation in the 
postoperative period nor did it prolong discharge 
times. Our findings in this respect are similar to those 
of Korttila, et al. (7) and Wetchler, et al. (Wetchler 
BV, Collins IS, Jacob L: Antiemetic effects of drope- 
ridol on the ambulatory surgery patient. Anesthesi- 
ology Review, 1982;9:23~26). 

Conflicting results have been reported in the liter- 
ature regarding the efficacy of metoclopramide as an 
antiemetic agent. Review of these data shows an 
interesting trend. In general, metoclopramide given 
intravenously (5,7,13,14) was ineffective, but given 
either intramuscularly (10,12) or orally (15) it ap- 
peared effective as an antiemetic. This might indicate 
a difference in the bioavailability of the drug in the 
immediate postoperative period. However, even 
with two different oral doses, we could not reproduce 
the results of Rao, et al. (15), who found a 0% 
incidence of nausea and vomiting after oral metoclo- 
pramide. The patients in the study of Rao, et al. 
received their oral metoclopramide (10 mg) at home 
before coming to the hospital for the operation. Our 
patients were given the drug in the preanesthetic 
holding room 30 minutes prior to induction of anes- 
thesia. This difference in time of drug administration 
can not explain the different results we have found. 
Pharmacokinetic studies (22) with oral metoclopra- 
mide demonstrated that maximum plasma concentra- 
tion after oral administration occurs within 20-30 
minutes and its elimination half life is about 4-5 
hours. 

We noticed an interesting trend toward quicker 
recovery in patients receiving metoclopramide. Al- 
though this was not statistically significant, we men- 
tion it because Cohen, et al. (5) noticed similar trends 
earlier. 

Doze, et al. (2) recently found a combination of 
droperidol and metoclopramide to be a more effective 
antiemetic than either drug given alone before gen- 
eral anesthesia for an abortion. Our results differed in 
that we found no advantage of this combination in 
patients undergoing laparoscopy. Doze, et al. used 


no placebo control and their patients received three 
different anesthetic regimens. 

We confirmed the observations made by. others 
(1,2) that the occurrence of nausea and vomiting 
significantly prolongs recovery room stay irrespective 
of antiemetic therapy. 

We conclude that droperidol is an effective antie- 
metic for female patients undergoing outpatient lap- 
aroscopy under general anesthesia. We further con- 
clude that 20 g/kg is the optimum dose of droperidol 
for this purpose. Neither droperidol in the doses we 
have used, up to 20 ug/kg, nor metoclopramide (5 or 
10 mg) significantly increased discharge time, com- 
pared to the group that received only placebo. We 
also conclude that metoclopramide (5 or 10 mg) has 
no effect on the incidence of nausea and vomiting 
given alone or in combination with droperidol. 
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An Unusual Foreign Body in the Left Main Bronchus after Open 


Heart Surgery 


Usha Rani Nimmagadda, mp, M. Ramez Salem, mp, Arthur J. Klowden, MD, 


Don Smith, RRT, and Salim Saab, mp 


Key Words: LUNG—foreign body. 
COMPLICATIONS—lung foreign body. 


An iatrogenic foreign body in the airway during the 
course of an anesthetic or in the postoperative period 
is a rare complication. We report a case of an unusual 
foreign body in the airway following coronary artery 


bypass grafting surgery. 


Report of a Case 


A 38-year-old male patient underwent emergency 
coronary artery bypass grafting surgery. He was 185 
cm tall and weighed 98 kg. The patient was intubated 
with an 8.5 mm I.D. Mallinckrodt (Critical Care, Glen 
Falls, NY) disposable cuffed endotracheal tube, and 
the anesthetic course was uneventful. After surgery 
was completed, a chest radiograph taken in the 
Operating room was essentially normal; no foreign 
bodies were seen. The patient was transferred to the 
surgical intensive care unit. During the transport, his 
ventilation was controlled with a self inflating bag 
(Laerdal resuscitation, Laerdal Medical Corporation, 
Armonk, NY). 

In the intensive care unit, the patient was con- 
nected to a Bear I ventilator (Bear Medical Systems, 
Inc., Riverside CA), utilizing an intermittent manda- 
tory ventilation mode. The ventilator was set at a tidal 
volume of 1000 ml with a respiratory rate of 10, an 
FIO, of 0.5 and a positive end expiratory pressure of 
5 cm H,O. Humidification was provided by a Puritan- 
Bennett Cascade humidifier (Bennett Respiration 
Products, Inc., Santa Monica, CA). Next morning, 
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the initial humidifier was replaced by a second Cas- 
cade humidifier. (The reason for this replacement 
could not be ascertained.) 

A posterior-anterior view chest radiograph taken 


on the early morning of the first postoperative day 


showed a radio-opaque foreign body in the left chest; 
at that time it was not clear whether the foreign body 
was inside or outside of the patient. Because the 
patient had no signs or symptoms of airway obstruc- 
tion or respiratory distress, it was assumed that the 
foreign body was outside of the patient. Two hours 
later, the patient was awake, his ventilatory functions 
and blood gas tensions were adequate, and his en- 
dotracheal tube was connected to a T-piece with a 
CPAP of +5 cm H,O. An hour later the patient was 
extubated, and heated aerosol with an FIO, of 0.6 
was provided. The patient was in the supine position 
from the time he arrived in the intensive care unit to 
the time he was extubated. 

Another posterior-anterior view chest radiograph 
taken that afternoon showed ill defined small infil- 
trates in the lower lobes and a foreign body in the 
shape of a small coiled spring (Fig. 1). Additional PA 
and lateral views of the chest confirmed the location 
of the foreign body in the left lower lobe bronchus. 

The patient was brought back to the operating 
room, given general anesthesia, and intubated with 
an 8.5 mm I.D. cuffed endotracheal tube. Fiberoptic 
bronchoscopy revealed the spring coil to be attached 
to the left mainstem bronchial mucosa. Removal was 
accomplished through a rigid bronchoscope by in- 
flating a Fogarty catheter distal to the coil and with- 
drawing the catheter and the coil together. The rest of 
the postoperative course of the patient was normal, 
and the patient was discharged home on the 8th 
postoperative day. 

The foreign body was found to be a metal spring 
with four helical turns. It was 8 mm in diameter and 
10 mm in length (Fig. 2). Immediately, efforts were 
made to identify the source of this foreign body. 
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Figure 1. Posterior-anterior chest radiograph taken on the morn- 
ing of postoperative day 1. Arrow points to foreign body in the left 
lower lobe bronchus. 





Figure 2. Foreign body after its removal by bronchoscopy. 


Springs from common items such as ball point pens, 
pagers, pilot balloons of endotracheal tube cuffs, 
laryngoscope handles, and the Wright respirometer 
were found to be either too small or too large. The 
self-inflating bag used during transport of the patient 
from the operating room did not have a spring coil. 
The Bear I ventilator used on the patient was com- 
pletely dismantled and various parts were thorough- 
ly examined. 

The Cascade humidifier has two compression 
springs on either side to hold the lid clip assembly 


Figure 3. Top, Exploded drawing of the lid clip assembly. Bot- 
tom, Lid clip assembly from cascade hurnidifier. 


snug to the heater housing (Fig. 3A and B). Each 
spring is secured medially by a plastic shaft and 
laterally in a well on the externa. lid surface (Fig. 4A 
and B). Each one of these springs is 10 mm long, 8 
mm in diameter, has the same number of helical 
turns, and weighs the same as the spring removed 
from the patient. Attempts to pass the spring through 
various sizes of endotracheal tubes revealed that it 
could go through an 8.5 mm I.D. tube longitudinally 
but not horizontally and it could not go through an 8 
mm I.D. tube. The second Cascade humidifier used 
on the patient was found to have intact springs and 
the attempts to locate the first Cascade humidifier 
failed. 

This case report describes the presence of a spring 
coil in the patient’s tracheobronchial tree during 
mechanical ventilation in the immediate postopera- 
tive period. Efforts to identify the source of the spring 
coil revealed that it came from the Cascade humidi- 
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Figure 4. Top, Cut-away drawing of the lid clip assembly. Bot- 
tom, Position of the spring in the lid clip assembly. 


fier. How this spring coil got into the left bronchus is 
puzzling. The remote possibility of someone deliber- 
ately placing the spring in the endotracheal tube 
cannot be excluded. We hypothesize that the first 
humidifier had malfunctioned and was replaced be- 
cause of a broken plastic shaft which released the 
spring coil. When the spring coil comes off the plastic 
shaft, it should fall outside the humidifier; if for some 
reason it falls inside the humidifier, it is most likely to 
go to the bottom of the canister, rather than be carried 
into the tubing and past the high point at the support 
arm and into the endotracheal tube. The spring could 
have fallen onto the top of the new housing and 
entered the corrugated tubing during the installation 
of the new humidifier. When excess water from 
condensed humidity was drained, the spring could 
have entered the patient’s airway. This is very un- 
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likely because the humidifier is mounted below the 
level of the supine patient and it is common practice 
at our institution to disconnect and drain water 
through the distal ends of the tubing. A more likely 
possibility is that one of the two sharp ends of the 
spring that fell outside the humidifier might have 
gotten attached to the clothing of one of the per- 
sonnel taking care of the patient and entered the 
endotracheal tube longitudinally when the tube was 
disconnected either for suctioning or during mea- 
surements of respiratory parameters. 

Iatrogenic foreign bodies entering the tracheobron- 
chial tree are uncommon, but have been reported 
previously. Pieces of rubber after rupture of endotra- 
cheal tube cuffs (1,2), various parts of spray nozzles 
(3-5), distal portions of an armored endotracheal 
tube, (6) and a Laryng-O-Jet spray (7) entering the 
airway during anesthesia have been reported. Aspi- 
ration of a nasal airway by a patient in the intensive 
care unit has also been reported (8). 

The report of this complication once again empha- 
sizes the importance of carefully examining and test- 
ing all equipment for loose connections or broken 
components prior to use in patients. Tracheal intuba- 
tion provides an unobstructed access for foreign 
bodies to enter the tracheobronchial tree. Anesthesi- 
ologists and other personnel involved in the care of 
intubated patients in the operating room or in inten- 
sive care units should be cognizant of such a possi- 
bility at all times. 
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Jaundice, Oximetry, and Spurious Hemoglobin Desaturation 
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Spectrophotometric differential analysis of hemoglo- 
bin (as measured by co-oximeter) gives the percent- 
ages of oxyhemoglobin, methemoglobin (MetHb), 
and carboxyhemoglobin (COHb) and is used as a 
standard for comparing other methods of measure- 
ment of oxyhemoglobin. We observed that spec- 
trophotometry gives spuriously low oxyhemoglobin 
and high methemoglobin values in the presence of 
hyperbilirubinemia. 

Oximetry provides accurate assessment of oxygen 
saturation and allows moment to moment monitoring 
of oxygen therapy. Several studies have demon- 
strated excellent correlation between pulse oximetry 
and spectrophotometric differential analysis (co- 
oximetry) (Co-oximeter® 282, Lexington, MA) (1-3). 

However, with any measurement technique there 
are limitations, and pulse oximetry is no exception. 
Such limitations have been extensively investigated 
and may be grouped into the dyshemoglobinemias, 
inadequate pulse detection, extraneous light sources, 
patient movement, and intravenous dye administra- 
tion (4-6). In general, co-oximetry is believed to 
provide a more accurate result in these situations, 
except in the case of intravenous dye administration 
where neither technique is accurate. We present the 
following cases to demonstrate that in the presence of 
severe hyperbilirubinemia, pulse oximetry may be 
more accurate than co-oximetry. 


Case Report 1 


The patient was a 24-year-old white man suffering 
from nodular sclerosing Hodgkin’s lymphoma. His 
course was marked by several rounds of chemother- 
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apy and eventual whole body irradiation with autol- 
ogous bone marrow transplantation. Subsequent de- 
velopment of hepatic venous occlusive disease had 
culminated in hepatic failure (bilirubin 37-42 mg%) 
and respiratory failure necessitating intubation of the 
trachea and mechanical ventilatory support. Monitor- 
ing included continuous pulse oximetry with inter- 
mittent blood gas analysis, and co-oximetry deter- 
mined oxygen saturation. 

Despite PaO,s ranging from 92-133 mm Hg, co- 
oximetry derived saturations (88-93%) bore no con- 
sistent relationship to PaO,. Pulse oximetry demon- 
strated 98-99% saturations on devices from two 
manufacturers (Nellcor N100c and Ohmeda Biox 
3700). More complete co-oximetry demonstrated slight 
elevations of carboxyhemoglobin (2.4~2.9%), but more 
pronounced elevations of methemoglobin (MetHb) 
(3.2-11.9%) (Table 1). History and drug exposure were 
inconsistent with the development of MetHb, and 
addition of the reducing agent sodium dithionite, 
which normally reduces methemoglobin to hemoglo- 
bin, had no effect on the measured MetHg levels. 
Subsequently, icteric serum separated from a fresh 
sample and passed through the co-oximeter was read 
as MetHb 105% and CoHb 17.5%. Control serum 
measured MetHb 0% and COHb 5%. It was believed 
that the elevated bilirubin levels were interfering with 
co-oximetry, leading to artifactual increases of Methb. 


Case Report 2 


The patient was a 16-year-old anephric white woman 
maintained on chronic dialysis who had suffered a 
bout of intestinal obstruction and intraabdominal 
sepsis. After jejunostomy and tense abdominal clo- 
sure, the patient required prolonged mechanical sup- 
port of ventilation. Hepatic failure (bilirubin rose to 
44 mg%) developed and again, despite PaO, of 
90-117 mm Hg and pulse oximetry saturations of 97- 
99%, co-oximetry demonstrated saturations of 92- 
93% with MetHb 3-4% and COHb 2-3.5% (Table 1). 
There again was no inciting cause found, and artifac- 
tual elevation of MetHb and COhb by the interfering 
bilirubin was again believed to be the cause. 
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Table 1. Analysis of Arterial Blood Gases, Hemoglobin Saturation on Co-oximetry, Hemoglobin Saturation by Pulse 


Oximetry, and Serum Total Bilirubin 


PaO, PaCO, 
Day (mm Hg) (mm Hg) pH 

Patient 1 Samples 
la 92 49 7.34 

b 103 50 7.33 

E 99 53 7.33 
2 104 a 7.30 
3 123 48 7.38 
4 128 46 7.40 
Patient’s serum 
Control serum 
Patient 2 Samples 
1 82 32 7.37 
2 107 35 7.41 
3 117 32 7.37 


SaO, MetHb COHB  SpO, Bili Total 
BE (%) (%) (%) (%) (mg dl) 
+1 93 3.2 a7 99 41 
0 92 6.5 1.0 99 
92 4.0 2a 98 38 
88 11.1 Ll 98 45 
+2 94 3.3 2.5 99 42.8 
89 11.9 2.9 99 37.8 
3.6 105 17.6 37.8 
0 0 5.0 
—4 92.9 3.3 3.5 97 44.4 
—4 92.3 3.4 2.2 97 36 
-4 92.8 3.9 2.9 98 39 


COHb = Percentage of carboxyhemoglobin measured by co-oximeter; MetHb = Percentage of methemoglobin measured by co-oximeter; SaO, = 
Percentage hemoglobin saturation with oxygen measured by co-oximeter; SPO, = Percentage of hemoglobin saturation with oxygen measured by pulse 


oximetry. 


Discussion 


From these results, it would appear that severe 
hyperbilirubinemia may indeed interfere with co- 
oximetry and be interpreted as falsely elevated 
MetHb and perhaps COHb levels. There appeared to 
be no such effect on pulse oximetry. Knowledge of 
the principles and limitations of pulse oximetry and 
co-oximetry may help explain this phenomenon. 

The IL 282 Co-oximeter (Instrumentation Labora- 
tory) utilizes a four wavelength system, measuring 
absolute absorbance at each of four distinct wave- 
lengths (535, 585, 594, and 626 nm). Through appli- 
cation of Beer’s law, four linear equations of absorp- 
tion are solved simultaneously for four independent 
variables (7). Thus, up to four hemoglobin species 
may be determined. An extraneous interfering sub- 
stance could alter this determination based on how 
much its absorption spectrum overlapped the mea- 
sured wavelengths. In so doing, it could be mistaken 
for one of the hemoglobin variants because the sys- 
tem assumes that only four variants are present. An 
examination of bilirubin’s absorption curve demon- 
strates a strong peak at 450 nm, which is outside the 
measured range, but a tail that extends into the 535- 
585 nm range may account for cur observed interfer- 
ence, 

Pulse oximetry, on the other hand, measures rela- 
tive absorbance at only two wavelengths (660 and 940 
nm) and precisely derives a ratio of the absorbancies 
at these two wavelengths. Through a calibration 
curve it relates this ratio to degree of oxygen satura- 
tion. It is thus able to delineate only two hemoglobin 
variants: reduced hemoglobin and oxyhemoglobin. If 


an interfering substance did not significantly alter 
this ratio, either by contributing minimally to absorb- 
ance at 660 and 940 nm or contributing equally, then 
it would be expected to have little effect on measured 
saturations. Bilirubin has minimal absorption at 660 
and 940 nm, and therefore has no effect on the 
derived ratio. It is probably for this reason that 
bilirubin has little effect on pulse oximetry. We 
present these cases to alert clinicians to the fact that 
co-oximetry may not be reliable in the presence of 
severe hyperbilirubinemia. 


We thank Robert K. Stoelting, MD, Department of Anesthesia for 
helping with the manuscript. 
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Injection of opioids into the epidural space produces 
postoperative analgesia by acting on receptors in 
lamina I, IV, and V of the substantia gelatinosa (1). 
Morphine, due to its low lipid solubility produces 
numerous side effects when injected into the epidural 
space; most notably delayed respiratory depression 
(2). Fentanyl, a highly lipid soluble narcotic agonist, 
has a more rapid onset of action and a significantly 
lower incidence of side effects than those of mor- 
phine. In a dose-response study in patients after 
cesarean delivery, 50 ug of epidural fentanyl was 
found to provide maximal analgesia with minimal 
incidence of side effects (3). The effect of varying the 
volume of injectate on the onset, duration, and 
incidence of side effects produced by 50 yg of fenta- 
nyl has not been reported. This standard dose of 
fentanyl diluted in larger volumes could increase the 
surface area of drug exposure and thus augment the 
number of opioid receptors affected. Conversely, 
diluting the opioid in greater volume may reduce the 
concentration gradient between the central nervous 
system and epidural space and thereby decrease both 
the rapidity of onset and duration of analgesia. Fen- 
tanyl is being given epidurally in. several different 
dilutions. To determine the most effective diluent 
volume, a double-blind, randomized study was un- 
dertaken with varying volumes of normal saline 
solution to dilute a single 50 ug dose of epidural 
fentanyl. 
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Methods 


The study was approved by the hospital committee 
for the protection of human subjects from research 
risks and written informed consent was obtained. 
Thirty ASA physical status I patients scheduled for 
elective cesarean (singleton) delivery under epidural 
anesthesia were enrolled in the study. Two patients 
were excluded from the study when the epidural 
failed to achieve adequate surgical anesthesia. The 28 
remaining patients were randomly assigned to one of 
seven study groups (4 patients per group). Before 
induction of anesthesia, an intravenous catheter was 
inserted and each patient received a minimum of 
1,500 ml of lactated Ringer’s solution at room temper- 
ature. Anesthesia was induced via an epidural cath- 
eter inserted at the L.3 or L34 interspace. Sensory 
anesthesia (determined by pinprick) to the fourth 
thoracic dermatome was achieved with incremental 
doses of 2% lidocaine with 1:200,000 epinephrine. 
The average local anesthetic volume was 25 ml. Blood 
pressure was maintained at the patient’s pre-epidural 
baseline with incremental intravenous doses of ephed- 
rine, as required. 

Patients were evaluated with the use of a 10 cm 
visual analog pain scale (VAS) (4). After completion 
of surgery, when a patient reported a pain score of 3 
or greater, either in the operating room or in the 
recovery room, they were given the study drug. If the 
patient was still comfortable at the completion of 
surgery, the epidural catheter was left in place, and 
the patient was given the study drug in the recovery 
room when her pain score reached 3. If the patient 
complained of pain intraoperatively, a second dose of 
local anesthetic was administered via the epidural 
catheter. If this second dose of lidocaine was neces- 
sary, the epidural catheter was once again left in 
place at the completion of surgery so that the study 
drug could be given in the recovery room when the 
patient had a pain score of 3. The study drug con- 
sisted of 50 wg of fentanyl diluted in preservative free 
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normal saline solution to a total volume of 1 (no 
dilution), 2, 5, 10, 15, 20, or 25 ml. The injection of 
this drug into the epidural space was immediately 
followed by injection of 0.5 ml of air to clear the 
catheter. Vital signs, level of sensory anesthesia as 
defined by pin prick, motor block (following Brom- 
age’s criteria) (5), and the patient's subjective pain 
score (VAS) were recorded. The presence of side 
effects including nausea, shivering pruritis, somno- 
lence, and respiratory depression were also recorded. 
Respiratory depression was defined in this study as a 
respiratory rate of less than 10 breaths/minute or 
desaturation as detected by finger pulse oximetry. 
The anesthesiologist recording the data was blinded 
to the diluent volume that had been injected. The 
time to onset of analgesia was defined as the time it 
took after injection of the study drug until the patient 
became comfortable (a pain score of 0). The duration 
of analgesia, defined as the time from the onset of 
analgesia to the time when the patient requested 
supplemental pain medication (VAS of 3) was also 
noted. When the patient stated that her pain had 
returned, she was given a parenteral opioid accord- 
ing to the routine postoperative obstetric orders. The 
amount of parenteral opioid administered over 24 
hours was recorded in an effort to determine whether 
any long acting effect of the epidural narcotic existed. 
To allow for comparison, all opioid drugs were con- 
verted to “morphine equivalents” using the follow- 
ing scale: 100 mg meperidine = 10 mg morphine = 
1.5 mg hydromorphone. The data were analyzed for 
statistical significance using an analysis of variance, 
and regression curves were calculated for best fit to 
the data (P < 0.05 was considered significant). 


Results 


The patients in each study group were similar demo- 
graphically with respect to weight, height, age, par- 
ity, and preoperative temperature. Figure 1 shows 
the time to onset of analgesia for varying volumes of 
injectate where a superimposed logarithmic regres- 
sion line was calculated for best fit. Total volumes of 
less than 5 ml were associated with a significantly 
longer time to onset of analgesia. 

Two of the patients in the 1-ml group and one of 
the patients in the 2-ml group reported that their 
pain, although improved, did not return to a VAS 
score of 0 (e.g., VAS score of 1 or 2) after the epidural 
fentanyl was given. (Subsequent, correct epidural 
catheter position was confirmed with a local anes- 
thetic test dose.) 

Figure 2 shows the duration of analgesia related to 
volume of injectate. Volumes < 5 ml were associated 
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Figure 1. The time to onset of analgesia versus the total volume of 
injectate. A logarithmic regression line is superimposed. Each 


group was compared to the control group (1 ml fentanyl undi- 
luted). 
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Figure 2. The duration of analgesia versus the total volume of 
injectate. A logarithmic regression line is superimposed. Each 
group was compared to the control group (1 ml fentanyl undi- 
luted). 


with significantly shorter durations of analgesia than 
volumes >10 ml. Volumes >20 ml were associated 
with the longest duration. 

No significant reduction in the 24-hour opioid dose 
was seen irrespective of the diluent volume. The total 
dose of opioid over the first 24-hours postoperatively 
ranged from 20 to 50 mg of morphine equivalents. In 
this study, level of sensory block and duration of 
motor block were unaffected by varying diluent vol- 
ume. 

Neither somnolence nor respiratory depression 
was seen in any of the study patients. Three patients 
noted mild pruritus after epidural injection of 50 mcg 
of fentanyl (5-ml, 10-ml, and 20-ml group); no treat- 
ment was required. One patient experienced nausea 
about 10 minutes after the epidural study drug injec- 
tion (15-ml group); this resolved within 5 minutes 
with no treatment required. 
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Discussion 


Fentanyl is often given epidurally to manage postop- 
erative pain after cesarean delivery. The optimum 
volume in which to dilute the standard dose of 
epidural fentanyl has not been previously deter- 
mined. The purpose of this study was to assess the 
effect of varying the volume of diluent added to a 
standard dose of 50 ug of fentanyl on onset and 
duration of analgesia, 24-hour total opioid require- 
ment, and incidence of side effects. 

One could postulate that by increasing the volume 
of diluent, the time to onset of analgesia would be 
increased and the duration of analgesia would be 
reduced due to a decrease in the concentration gra- 
dient for diffusion from epidural to subarachnoid 
space (6). The opposite was observed. Increasing the 
volume of diluent (and thus injection of a less con- 
centrated fentanyl solution) produced a significantly 
more rapid onset and longer duration of analgesia. 
The explanation for these findings may be related to 
the high lipid solubility of fentanyl. Increasing the 
volume in which a standard dose of fentanyl is 
diluted may physically shorten the time to onset of 
analgesia by augmenting the rate of diffusion of 
fentanyl into the central nervous system. Larger 
diluent volumes may increase the initial spread of the 
solution in the epidural space resulting in a larger 
number of opioid receptors affected. 

The majority of study patients required supple- 
mental pain relief within 3 hours regardless of diluent 
volume. No significant difference in the 24-hour 
opioid requirement was seen between the different 
study groups. This confirms that a single dose of 
epidural fentanyl is not a long acting analgesic, and 
no amount of diluent will produce this. However, by 
increasing the diluent, one can speed the onset of 
patient comfort, and by achieving 3 hours of postop- 
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erative analgesia, one can obviate the necessity for 
repeated parenteral opiate injections in the recovery 
room. 

In summary, epidural fentanyl has been given in 
various volumes and dilutions for postoperative an- 
algesia. In this study, use of diluent volumes less 
than 5 ml was associated with significantly longer 
time to onset of analgesia and significantly shorter 
duration of analgesia. No respiratory depression was 
seen in any of the study patients and the incidence of 
side effects (nausea and pruritis) appeared indepen- 
dent of diluent volume. This study supports the 
practice of dilution of a standard epidural dose of 50 
ug of fentanyl in at least 10 ml cf preservative free 
saline solution to shorten the time to onset and 
maximize the duration of analgesia. 


We thank Lercy Vandam, MD, for advice and editorial assistance. 
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Children with osteogenesis imperfecta (OJ) are at 
high risk during anesthesia for a number of physio- 
logical and anatomical reasons. In addition to their 
propensity for developing fractures, neck and jaw 
mobility may be restricted by deformity (1). Severe 
thoracic distortion and kyphoscoliosis may restrict 
pulmonary function although ventilation-perfusion is 
usually normal (2). Other associated anomalies such 
as dentinogenesis imperfecta, cleft palate, premature 
atherosclerosis (3), and valvular heart disease (4,5) 
may increase the hazards of anesthesia. 

Anesthesia-induced hyperthermia has also been 
observed in patients with OI (6). In 1973 Solomons 
and Myers reported a four-year-old girl with OI who 
developed fever (maximum 39.5°C) and tachycardia 
(maximum 144 bpm) on two occasions during anes- 
thesia (6). Premedication consisted of pentobarbitone 
and scopolamine, while induction and maintenance 
was with halothane and nitrous oxide. Serum creati- 
nine phosphokinase (CPK) levels were not measured; 
muscle rigidity was not prominent and the tempera- 
ture responded to active cooling. Based on this re- 
port, it has been stated that the hyperthermia during 
anesthesia in patients with OI does not progress to 
malignant hyperthermia (MH). However, a probable 
case of MH has been described in a young man with 
a mild form of OI (7). 

We present a young girl with severe OI who had a 
hyperthermic reaction in the intensive care unit fol- 
lowing anesthesia. Although she did not have classi- 
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cal MH, her clinical course followed a malignan 
paitern, requiring energetic resuscitation. 


Case Report 


This severely deformed 7 year-old girl with Type 3 O 
tarda (1) was transferred from a peripheral hospita 
where she was admitted following a fall from he 
sister's arms. In the emergency room she was aler 
and responsive (Glasgow coma scale = 12). She wa: 
afebrile (36.4°C), systolic blood pressure was 120 mn 
Hg, heart rate was 80 bmp, and respiratory rate wa: 
30/min. She had a large hematoma over the lef 
parietal area with an underlying depressed skul 
fracture. Her left pupil was larger than the right anc 
reacted sluggishly to light. An emergency CT scan o 
the head showed a large left epidural hematoma wit! 
compression of the cortex and she was immediatel: 
transferred to the operating room (OR) for evacuatior 
of the clot. 

Her response to anesthesia and subsequent cours 
is presented in the figure. Upon arrival in the OR he 
heart had increased to 130 bpm, mean arterial pres 
sure was 80 mm Hg, and temperature was 36.4°C 
After preoxygenation, anesthesia was induced with 
thiopental and maintained with isoflurane and ni 
trous oxide. Atropine (0.01 mg/kg) and succinylcho 
line were administered and a nasotracheal tube in 
serted. Masseter spasm did not occur followin; 
succinylcholine and muscle relaxation intra-opera 
tively was achieved with atracurium. The anestheti: 
course was notable for a 30-bpm increase in heart rat 
and a 1.6°C increase in temperature, such that by thi 
end of surgery, her heart rate had increased to 16 
bpm and temperature to 38°C. 

She was returned to the intensive care unit, intu 
bated and hyperventilated, but no longer paralyzed 
Over the next hour she developed a sinus tachycardii 
of 212 bpm. She became hypotensive and pale, hy 
poxic (PaO, = 47 mm Hg) and developed a metaboli 
acidosis (base excess = ~12 mEq/l). PaCO, remainec 
between 23-28 mm Hg and a femoral venous PCO 
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Figure 1. Clinical course of the patient during anesthesia and in 
the intensive care unit (ICU). Hemodynamic stability was not 
restored until her temperature responded to active cooling mea- 
sures. MAP, mean arterial pressure. 


was 42 mm Hg. There was no evidence of muscle 
‘igidity, although this was difficult to exclude because 
3f poor muscle mass. Packed red blood cells (15 ml/ 
<g) and 5% albumin (10 ml/kg) were administered on 
‘he suspicion of intra-abdominal bleeding. Mean ar- 
erial blood pressure increased to 60 mm Hg from 50 
nm Hg and hemoglobin increased to 140 gm/l from 
L00 gm/I following the blood transfusion. However, 
he tachycardia did not decrease in response to vol- 
ame administration and her heart rate remained 
>200 bpm. A 12-lead electrocardiogram showed a 
sinus tachycardia with a normal axis and no evidence 
Xf myocardial infarction. 

At this stage active measures were undertaken to 
educe her temperature which had increased to 
L0.6°C (see Fig. 1). She was paralyzed with vecuro- 
uum, and cooled with a cooling blanket, topical ice 
»acks, and ice-cold gastric lavages. Sodium bicarbon- 
ite (2 mEq/kg) was administered to correct the met- 
ibolic acidosis and she was reintubated with a larger 
‘ndotracheal tube, following which her oxygenation 
mproved. A subsequent whole body CT scan 
‘howed no evidence of internal hemorrhage. 

Within 2 hours of commencing active cooling mea- 
ures, rectal temperature decreased to 36°C, heart 
ate decreased to 120/min, and the metabolic acidosis 
iad resolved. She was extubated 24 hours later and 
emained well with occasional spikes in temperature 
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up to 38°C but without any adverse effects. Blood 
cultures were negative. 

Serum creatinine phosphokinase (CPK) was 2232 
IU/I during the hyperthermic episode. Less than 4% 
consisted of CK-MB fraction. Serum aspartate trans- 
aminase (AST) level (>2750 U/l) was also above 
normal limits but with normal liver function tests. 
Within 24 hrs serum levels of these enzymes had 
decreased to 293 IU/I and 580 IU/l, respectively, and 
were within normal limits within a week. This enzy- 
matic pattern is consistent with skeletal muscle in- 
volvement. Myoglobin was present in the urine but 
only on the day of crisis. Thyroid function studies 
were normal. 

There was no family history of malignant hyper- 
thermia. Her mother had been told that the patient's 
heart rate had increased during previous anesthetics 
for various orthopedic and dental procedures. A 
review of 7 previous anesthetics showed that the 
girl’s heart rate was never higher than 170 bpm and 
her temperature never went above 38°C. Anesthesia 
on these occasions included administration of thio- 
pental, succinylcholine, atropine, fentanyl, mor- 
phine, oxygen and nitrous oxide, and halothane. 
serum CPK levels of the patient’s mother, father, and 
sister were normal. Muscle biopsies were not ob- 
tained. 


Discussion 


MH is a familial disease occurring in people who have 
a generalized membrane abnormality. Patients with 
certain myopathies are at risk (8,9) and the condition 
is more common among children (10). MH is not a 
uniform entity. Instead, it represents a spectrum of 
disorders ranging from the “classic” case to those 
with unusual presentations and mild symptomatol- 
ogy. Less than 10% of all cases of MH progress to the 
fulminant variety (11). The basic underlying patho- 
physiology is similar in both fulminant and mild 
cases of MH and is related to increased intracellular 
calcium ion concentration although the cause of the 
release of calcium into the cell is not understood (12). 

A hypermetabolic state, unrelated to anesthesia, 
and represented clinically by excessive diaphoresis, 
mild hyperthermia, tachycardia, and tachypnea, has 
been documented in children with OI (13). Increased 
oxygen consumption, elevated serum thyroxin levels 
and evidence of a disturbance of high-energy phos- 
phate metabolism have been observed. The cause of 
this hypermetabolic state is unknown. 

It is possible that patients with OI may have an 
underlying metabolic abnormality which predisposes 
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them to sustained muscle contraction following the 
stimulus of a variety of drugs, similar to other indi- 
viduals identified as being MH susceptible (MHS). It 
is of interest that patients with OI share certain 
characteristics with individuals who have developed 
MH. These similarities include autosomal dominant 
or recessive inheritance, connective tissue abnormal- 
ities, and elevated levels of serum inorganic pyro- 
phosphate (14). MH has been reported in isolated 
individuals with OI (7), while Rosenberg found one 
of 5 patients with OI, in whom muscle biopsies were 
performed, to be MH susceptible (12). 

Although the girl reported here did not have 
classical MH, her clinical course was similar to MH 
with fever, tachycardia, hypoxia, acidosis, and ele- 
vated levels of serum CPK. However, she did not 
develop masseter rigidity with succinylcholine and 
muscle rigidity was not present. In addition, respira- 
tory acidosis, one of the hallmarks of MH, did not 
occur. There was no family history of MH and the 
family members had normal CPK levels. It is unlikely 
that her deterioration postoperatively was due to 
hypovolemia since she was not bleeding internally 
and her tachycardia was resistant to volume resusci- 
tation but responded dramatically to cooling. 

Because of the experience of Solomon and Myers, 
we did not administer dantrolene to this girl. How- 
ever, in view of the established safety-of the drug, its 
use in these circumstances could not be criticized. 
Indeed, dePinna, elected to treat a 5-year-old boy 
with OI who had previous pyrexial responses to 
anesthesia, as a MHS individual. Triggering agents 
were avoided and prophylactic dantrolene was ad- 
ministered both preoperatively and postoperatively 
(15). Only mild temperature elevations occurred and 
serum CPK levels remained normal. Libman, in a 
review of the anesthetic management of patients with 
OI, supported this approach (16). An additional rea- 
son for caution and close monitoring of the acid-base 
status in these children is the occurrence of metabolic 
acidosis with anesthesia in children with OI, in the 
absence of hypoxia, hypercarbia, hypotension, or 
fever (17). 

Because of the rarity of OI tarda [approximately 1: 
25,000 live births (18)], it is difficult to determine its 
exact relationship to MH, an equally rare entity [1: 
12,000 anesthesias in children (15)]. In an earlier 
review OI was listed as an MH associated condition 
(19); however, this report and others (7) appear to 
suggest that hyperpyrexia may occur in these pa- 
tients during and after anesthesia, but does not 
progress to MH. In addition, although the hyperther- 
mia of OI may be associated with major acid-base and 
cardiorespiratory disturbances, rapid stabilization 
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can be achieved by general supportive measures anc 
whole body cooling. 

The routine use of prophylactic dantrolene is prob 
ably not justified in these patients; however, certair 
drugs should be avoided. Apart from concerns abou 
its possible role in the pathogenesis of hyperthermia 
succinylcholine may cause fractures in patients witl 
OI as a result of muscle fasciculation. Pancuroniun 
bromide or atracurium remain the muscle relaxants o 
choice (20}. The use of anticholinergics should also be 
avoided because -of the possible exacerbation of hy 
perthermia (13). 


We wish to thank Dr. L. Hatch for a critical review of th 
manuscript and Dr. K. Aronyk for permission to report on hi: 
patient. 
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Fifty-Eight Years Ago in 
Anesthesia & Analgesia 


Y. Henderson: The contribution of anesthetists to inhalation therapy; 
Current Researches in Anesthesia and Analgesia; 1931 ;10:56-8. 


Yale University, presented to a meeting of the New York Society of Anesthetists 

(NYSA) in October 1930. The article states that the occasion was the 25th anniversary 
of the founding of the NYSA. Actually, what was founded in 1905 was the Long Island 
Society of Anesthetists. In 1911 the Long Island Society, however, changed its name. It 
became the NYSA. It was particularly appropriate that Henderson.was a speaker on this 
occasion in 1930, since he also spoke at the meeting in 1911 at which the Long Island Society 
became the NYSA. His topic in 1911 was the relationship between physical chemistry and 
clinical anesthesia. In 1930 it was the role of anesthetists in inhalation therapy. In 1936 the 
NYSA in turn became the American Society of Anesthetists, which in turn became the 
American Society of Anesthesiologists in 1945, 

Yandell Henderson was a widely known and respected American pioneer in respiratory 
physiology. His reputation was such that he was able to introduce a new and radical concept, 
namely, that direct communication between clinicians and basic scientists was necessary if 
fundamental physiologic discoveries were to be applied to and used in clinical practice in less 
than one generation. Today it is a given that the anesthesiologist is the physiologist and 
pharmacologist of the operating room, but this was not always so. Henderson had a special 
interest in anesthesia and anesthetists. With his clout and his preaching he was able to 
expand anesthetists’ horizons from the mechanics of anesthetic techniques to physiologic 
principles. He did it in 1910, when, as chairman of one of the sections of the American 
Medical Association (AMA), he gave an address to the AMA entitled ‘‘Clinical Physiology— 
an Opportunity and a Duty.” He did it in 1911 in his talk to anesthetists on physiological 
chemistry. He did it in an astonishingly insightful lecture on ‘‘Respiration in Anaesthesia: 
Control by Carbon Dioxide” (Br Med J 1925; 2:1170-5). He did it yet again in this, his 1930 
talk, in which he emphasized the role of anesthetists in the management of respiration, the 
only bodily function, as he points out, susceptible (in 1930) to therapeutic control. In this 
1930 talk, he urges anesthetists to function as physicians not just in the operating room but 
outside the operating room in prevention of postoperative respiratory depression and 
atelectasis, in treatment of carbon monoxide poisoning and in neonatal resuscitation. Heady 
stuff in 1930, an era when anesthetists were still wedded to the operating room, but an early 
harbinger of things to come. 


Tr is the text of a talk that Yandell Henderson, Professor of Applied Physiology at 
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Intraoperative Hypoxemic Spells in Tetralogy of Fallot 


An Echocardiographic Analysis of Diagnosis and Treatment 


William J. Greeley, mD, Thomas E. Stanley III, Mp, Ross M. Ungerleider, MD, 


and Joseph A. Kisslo, MD 





Key Words: ANESTHESIA—cardiovascular. 
HEART, CONGENITAL DEFECTS—tetralogy of Fallot. 


Systemic arterial oxygen saturation in patients with 
tetralogy of Fallot is influenced by changes in the 
dynamics of right ventricular outflow tract obstruc- 
tion or changes in systemic vascular resistance (1). 
Intraoperative decreases in systemic vascular resis- 
tance due to hypotension or increases in right ven- 
tricular outflow tract obstruction due to increased 
sympathetic stimulation are associated with an in- 
crease in right-to-left shunting and a decrease in 
systemic arterial hemoglobin oxygen saturation 
(Sao), producing a hypoxemic or “tet” spell during 
anesthesia and surgery (2). The precise mechanisms 
of these spells and their treatment have been hypoth- 
esized but never demonstrated. We report two chil- 
dren with tetralogy of Fallot who had acute hypox- 
emic spells during anesthesia and surgery where 
dynamic changes in shunting and the effects of 
propranolol and phenylephrine therapy were ob- 
served for the first time by intraoperative two- 
dimensional echocardiography with color flow imag- 
ing (CFI). 


Case 1 


An 18-month-old male with tetralogy of Fallot (TOF) 
was anesthetized for complete repair of his defect. At 
the time of his operative procedure, the patient 
required no previous medical or surgical therapy for 
his cardiac lesion and had no other medical illnesses. 
Preoperative laboratory studies were normal. The 
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patient was premedicated with meperidine 2 mg/kg, 
pentobarbital 4 mg/kg, and diazepam 0.1 mg/kg 
orally 90 minutes before the induction of anesthesia. 
Anesthesia was induced with oxygen, nitrous oxide, 
and halothane by mask and maintained with fentanyl 
IV (75 pg/kg). Indwelling arterial and central venous 
catheters were placed for continuous pressure moni- 
toring. Ventilation was controlled and neuromuscu- 
lar blockade was maintained using incremental doses 
of pancuronium. Pulse rate (115-140 beats/min), 
blood pressure (90-120/60-75 mm Hg), systemic arte- 
rial oxygen saturation (91-97%) as measured by pulse 
oximetry, and central venous pressure (6-8 mm Hg) 
remained stable during skin incision and sternotomy. 
After placement of the arterial cannula of the extra- 
corporeal circuit into the ascending aorta, blood pres- 
sure gradually decreased to 70/40 mm Hg over a 1-2 
min interval. The decrease in blood pressure was 
accompanied by a decrease in central venous pres- 
sure and a marked reduction in Sao, to 75%. Epicar- 
dial echocardiography with CFI demonstrated a net 
right-to-left shunt through the ventricular septal de- 
fect (VSD) (Fig. 1). Diagnoses of hypovolemia and a 
secondary hypoxemic spell due to increased right- 
to-left shunting were made. Phenylephrine 25 yg, 
administered IV, resulted in an immediate increase in 
systemic arterial pressure (110/74 mm Hg) and an 
increase in Sao, to 100%, and an epicardial echocar- 
diography with CFI that showed a reversal of shunt- 
ing with a net left-to-right ventricular shunt (Fig. 2). 
The patient was subsequently given a bolus of lac- 
tated Ringer’s solution and the remainder of the case 
proceeded uneventfully. 


Case 2 


A 3-year-old male with TOF was anesthetized for 
complete repair of his defect. At the time of his 
operative procedure, the patient required no prior 
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Figure 1. 
jet) across the ventricular septal defect during systole. RV, 


medical therapy, had had no surgery for his congen- 
ital heart defect, and had no other medical illnesses. 
Preoperative laboratory studies were normal except 
for a hemoglobin of 16 g/dL and a hematocrit of 49%. 
Premedication consisted of meperidine 2 mg/kg, pen- 
tobarbital 4 mg/kg, and diazepam 0.1 mg/kg orally 90 
minutes before the induction of anesthesia. Anesthe- 
sia was induced with oxygen, nitrous oxide, and 
halothane by mask and maintained with fentanyl (15 

ug/kg) and halothane (0.25-1.0%). Ventilation was 
controlled and neuromuscular blockade was main- 
tained using incremental doses of pancuronium. 
Pulse rate, blood pressure, Sao, (90-95%), and cen- 
tral venous pressure remained stable during skin 
incision and sternotomy. During dissection of the 
aorta and placement of the arterial cannula of the 
bypass circuit, blood pressure increased to 135/100 


AA 
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Doppler color flow map (left) and schematic diagram (right) of a modified long-axis view illustrating right-to-left shunting (blue 
right ventricle; LV, 


left ventricle. 


mm Hg and was accompanied by an increase in heart 
rate and a marked reduction in Sao, to 75%. Epicar- 
dial echocardiography and CFI demonstrated a net 
right-to-left shunt at the site of the VSD, as in Case 1. 
Increased sympathetic tone due to a light plane of 
anesthesia with a secondary hypoxemic spell because 
of an increase in dynamic right ventricular outflow 
tract obstruction was suspected. Propranolol (0.25 
mg) was immediately administered IV and the halo- 
thane concentration was increased. Sao, gradually 
95%, arterial 
creased to 90/58 mm He, and heart rate decreased to 
125 beats/min. During these maneuvers epicardial 
echocardiography with CFI showed a reversal of 
shunting with a net left-to-right ventricular shunt. 
The remainder of the anesthetic and operative course 


increased to systemic pressure de- 


proceeded uneventfully. 
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Figure 2. Doppler color flow map (left) and schematic diagram (right) of a modified long axis view illustrating left-to-right shunting (red 


jet) across the ventricular septal defect during systole. 


Echocardiographic Methodology and Results 


As part of a routine approach to the intraoperative 
assessment of congenital heart defects at our institu- 
tion, epicardial echocardiography with CFI was per- 
formed at specific intervals in these two patients. A 
5.0-MHz short-focus transducer was used and con- 
nected to a Hewlett-Packard echocardiograph (77020 
CF) incorporating a color-imaging module. In each 
patient the transducer was topically sterilized and 
then passed into the operative field where it was 
ensheathed in a sterile plastic sleeve before epicardial 
use. This phased array transducer, containing 64 
elements, provided high-resolution black and white 
images recorded from the epicardial surface and 
displayed on a video screen. The same ultrasound 
transducer was used simultaneously for color flow 
imaging. 


Color flow imaging is accomplished by electroni- 
cally separating the reflected ultrasound waves into 
those defining anatomic targets and those defining 
flow within the chambers (5). 
created when sound waves are reflected from moving 
red blood cells and provide blood flow information, 
recorded in color. Therefore, cardiac structures are 
displayed in a monochrome mode, whereas blood 
Using CFI the 
entire cardiac image can be scanned along several 
lines of sight within the sector arc of the two- 
dimensional echocardiographic image. Because blood 
flow toward and away from the transducer have 
different Doppler frequency shifts, direction of blood 
flow can be identified and assigned specific colors. By 
convention, blood flowing away from the transducer 
is shown in blue, and flow toward the transducer is 


Images of flow are 


flow velocity 1s presented in color. 
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red (Figs. 1, 2). The magnitude of the flow velocity is 
indicated by the brightness of color and turbulence, 
representing varying velocities of blood, and appears 
as a mosaic pattern of color. 

In Case One with the transducer positioned on the 
epicardial surface, systolic flow through the ventric- 
ular septal defect is seen as a blue jet indicating flow 
away from the transducer (Fig. 1). This represents 
flow from the right ventricle to the left ventricle, i.e., 
a net right-to-left shunt associated with hypotension 
and. systemic oxygen desaturation. Immediately after 
phenylephrine was administered to the patient in 
Case One, continuous two-dimensional echocardiog- 
raphy with CFI demonstrated reversal of shunt flow 
(Fig. 2). In Figure 2, blood flow direction through the 
VSD now appears as a red hue, indicating flow 
toward the transducer with flow directed from the 
left ventricle to the right ventricle. This change in 
shunting to a left-to-right shunt was associated with 
increases in blood pressure and Sao,. Not shown, 
similar changes in shunting before and after propran- 
olol were observed in Case Two by CFI. 


Discussion 


Patients with cyanotic congenital heart disease un- 
dergoing surgical procedures are at risk for worsen- 
ing right-to-left shunting and for developing hypox- 
emia. This is especially true in patients with tetralogy 
of Fallot where the interventricular communication, 
i.e., VSD, is large and nonrestrictive, and where the 
relative resistances of the pulmonary and systemic 
outflow tracts and vascular beds are the major deter- 
minant of shunt flow (4). In these patients, a decrease 
in systemic vascular resistance and/or an increase in 
right ventricular outflow tract obstruction due to 
sympathetic stimulation produces an increase in 
right-to-left shunting and a decrease in Sao,. These 
changes have been suggested as mechanisms for the 
production of hypoxemic or “tet’’ spells (5). 

The treatment of the hypoxemic spells has been 
directed at increasing systemic vascular resistance 
using an a-receptor agonist, decreasing dynamic 
right ventricular outflow tract obstruction using f- 
adrenergic blockade, controlling respiratory drive 
and hyperpnea with morphine, and correcting any 
metabolic acidosis using sodium bicarbonate. Phen- 
ylephrine or propranolol have been effective in reliev- 
ing these hypoxemic spells and are the current meth- 
ods of treatment (6,7). Phenylephrine or propranolol 
are preferred for the intraoperative management of 
hypercyanotic spells because of their ease of admin- 
istration, rapidity in onset of correcting the hemody- 
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namic alterations, and low incidence of side effects 
(2). Although certain dynamics of the relief of hypox- 
emic spells are known, the precise demonstration of 
shunting and the precise pharmacologic effects on 
shunting have not been demonstrated. 

We report two cases of intraoperative hypoxemic 
spells in patients with tetralogy of Fallot in whom 
two-dimensional echocardiography with CFI was 
used to document blood flow patterns before, during, 
and after therapeutic interventions. In Case One, the 
hypoxemic spell was a direct result of hypotension 
where a decrease in systemic vascular resistance 
augmented right-to-left shunting and a fall in Saop. 
The administration of phenylephrine to this patient 
immediately improved Sao, by increasing systemic 
arterial pressure and, presumably, systemic vascular 
resistance, with a resultant increase in pulmonary 
blood flow. In Case Two, the hypoxemic episode was 
a result of a light plane of anesthesia where surgical 
stress increased sympathetic tone and dynamic right 
ventricular outflow tract obstruction, augmenting 
right-to-left shunting and causing a decrease in sys- 
temic oxygen saturation. The administration of pro- 
pranolol and deepening the level of anesthesia imme- 
diately increased systemic arterial saturation by 
reducing right ventricular outflow tract obstruction 
with f-adrenergic blockade and decreasing sympa- 
thetic tone, augmenting pulmonary blood flow. In 
both cases, we observed net right-to-left shunting 
through the VSD associated with systemic arterial 
oxygen desaturation by two-dimensional: echocar- 
diography with CFI. Furthermore, after therapeutic 
interventions, shunt reversal, i.e., net left-to-right 
shunting, was demonstrated and was associated with 
improvements in Sao. Several mechanisms for such 
changes in shunting relating to the pharmacologic 
manipulation of the relative resistances of the sys- 
temic vascular bed and the right ventricular outflow 
tract have been suggested but never demonstrated. 
Heretofore speculated, we directly observed the re- 
sults of these manipulations on the direction and 
extent of shunting. 

Doppler CFI is a method for imaging blood flow ` 
through the heart by displaying flow data on the 
two-dimensional echocardiographic image (8,9). Us- 
ing this technology the characteristics of blood flow, 
i.e., direction, velocity, and size, are displayed on the 
cardiac image by means of color encoding of the 
Doppler-generated flow signal. The intraoperative 
use of CFI has recently been reported using a trans- 
esophageal approach (10). In the cases reported here 
the color flow images recorded from the epicardial 
surface of the heart provided immediate information 
about blood flow direction that permitted specific 
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therapeutic interventions and an assessment of ther- 
apy. 

In conclusion, the present case reports offer the 
first direct evidence of net right-to-left shunting dur- 
ing a hypoxemic episode (tet spell) where shunt 
reversal and augmented systemic oxygen saturation 
were observed after therapeutic interventions. These 
findings support the hypothesis that an increase in 
systemic vascular resistance relative to right ventric- 
ular outflow obstruction augments pulmonary blood 
flow and relieves hypoxemic spells. The pharmaco- 
logic effects of phenylephrine and propranolol ac- 
count for the changes in shunt reversal observed. The 
use of two-dimensional echocardiography with CFI 
provided a reliable method of assessing these 
changes in intracardiac blood flow. 
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Transient arterial hypoxemia can occur during emer- 
gence from anesthesia, especially when patients react 
to the endotracheal tube with coughing, forced exha- 
lation, and breath-holding. Unless there is a real-time 
technique of imaging the cardiac chambers, it is 
difficult to document an acute and transient right- 
to-left (R-L) intracardiac shunt as a cause of arterial 
hypoxemia. Color flow Doppler mapping (Diasonics 
CFM. model 700 Sweden) provides such a possibility. 


Case Report 


A 2-month-old 4.5 kg white female (ASA class I) was 
scheduled for elective bilateral inguinal herniorrha- 
phy. Physical examination revealed a normally active 
healthy child with no cardiovascular or pulmonary 
abnormality. Anesthesia was induced intravenously 
with thiopental (25 mg IV) followed by succinylcho- 
line 10 mg IV for muscle relaxation to facilitate tra- 
cheal intubation. After tracheal intubation with 3.5 
mm (ID), uncuffed plastic tube anesthesia was main- 
tained with isoflurane, nitrous oxide, and oxygen. 
Ventilation of the lungs was controlled and end-tidal 
CO, was monitored. At the conclusion of surgery, 
during the breathing of 100% oxygen, the oxygen 
saturation was noted by pulse oximetry to rapidly 
decrease from 100 to 50% during a period of breath- 
holding while reacting to the endotracheal tube. The 


Received from the Departments of Anesthesia, Pediatric Cardi- 
ology, and Pediatric Surgery, Riley Children’s Hospital, Indiana 
University School of Medicine, Indianapolis, Indiana. Accepted for 
publication August 22, 1988. 

Address correspondence to Dr. Moorthy, 702 Barnhill Drive, 
Room 2001, Indianapolis, IN 46223. 


©1989 by the International Anesthesia Research Society 


patient’s lungs were hyperventilated with oxygen 
and isoflurane was readministered. A color flow 
Doppler probe was then placed over the subcostal 
region so as to visualize the cardiac chambers, and 
isoflurane was discontinued. 

The patient again began to react to the endotra- 
cheal tube spontaneously, and the oxygen saturation 
again rapidly decreased from 100 to 50%. The color- 
Doppler demonstrated a patent foramen ovale with a 
small left-to-right (L-R) intracardiac shunt initially 
followed by more marked right-to-left (R-L) shunting 
at the atrial levels (Fig. 1). Continued ventilation of 
the lungs with oxygen resulted in oxygen saturation 
returning to 100%, and at this time, no shunt could be 
demonstrated while the patient was coughing but not 
bearing down on the tracheal tube. Then tracheal 
extubation was done. 


Discussion 


Acute arterial hypoxemia from a transient right-to-left 
shunt through patent foramen ovale has been de- 
scribed (1). However, because of the transient nature 
of this phenomenon, it is difficult to do a systematic 
study. In 7 of 35 infants and children, we observed 
transient severe hypoxemia (decreased saturation of 
hemoglobin with oxygen as reflected by pulse oxim- 
etry) during emergence from anesthesia during bear- 
ing down due to continued presence of the tracheal 
tube (2). 

Color flow Doppler mapping provides useful tech- 
nology for a real time demonstration of cardiac imag- 
ing. Doppler color flow mapping is a two-dimen- 
sional echocardiogram using advanced electronics for 
color flow imaging. The information from the ultra- 
sound pulses is separated into amplitude (imaging) 
and velocity (Doppler shift) (3). Higher amplitude 
signals from the intracavitary walls and valves are 
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Figure 1. Color flow Doppler obtained during bearing down on the endotracheal tube shows R-L shunt at the atrial level (yellow color 
area). The line diagram, drawn for clarity, indicates the position of the right atrium (RA), left atrium (LA), and the arrow for the R-L shunt. 
LV = left ventricle; PV = pulmonary vein. 


recorded with digital color coding (red [positive] 
toward transducer and blue [negative] away from 
transducer). With the use of parasternal axis mitral, 
aortic and pulmonary valve dysfunction can be de- 
tected. A four chamber view helps detect intracardiac 
shunts. 

During emergence from anesthesia, children often 
cough and initially bear down on the tracheal tube 
with exhalation. This results in decreased lung vol- 
umes. Difficulty in positive pressure ventilation of the 
lungs leading to hypoventilation can occur. De- 
creased lung volumes and hypoventilation with res- 
piratory acidemia lead to increased pulmonary vas- 
cular resistance and right atrial pressure with 
development of a R-L shunt in the presence of a 
patent foramen ovale. The initial presence of a small 
L-R shunt followed by the R-L shunt and later ab- 
sence of a shunt indicates a foramen ovale. Though 
commonly a R-L shunt occurs alone, a small L-R 
shunt can occur in some patients with changes in the 
competence of the valve of the foramen due to 
distension of atrial chambers (4). With the use of a 
Valsalva maneuver, for example, R-L shunt was 
demonstrated in 18% of adults during the release 
phase of Valsalva (5). 

R-L shunt at the atrial level occurs with reaction to 
the tracheal tube during emergence from anesthesia. 
The mechanism of increase in right atrial pressure 
associated with reaction to the tracheal tube is dif- 


ferent than it is during a Valsalva maneuver. During 
the former, it is the change in the lung volumes that 
contributes to increased right atrial pressure. During 
a Valsalva maneuver, changes in intrathoracic pres- 
sure contribute to the hemodynamic changes. 

The incidence of patent foramen ovale is higher in 
the earlier years of life (35%) (6). When present, the 
development of a R-L shunt is, thus, more frequent in 
children. Though transient, this type of R-L may have 
important clinical implications. Hypoxemia as well as 
paradoxical systemic air or particulate emboli can 
occur during the period of bearing down on the 
tracheal tube during recovery from general anesthe- 
sia in children. 

In summary, we describe a non-invasive real time 
color flow Doppler detection of a transient R-L shunt 
at the atrial level during reaction on the endotracheal 
tube associated with emergence from anesthesia in a 
child. Such R-L shunt can and did result in transient 
arterial hypoxemia and a potential for paradoxical 
systemic embolism. We recommend continued ven- 
tilation of the lungs with 100% oxygen during the 
period of bearing down on the tracheal tube to correct 
hypoxemia and then only remove the tracheal tube. 


ee 
We thank Robert K. Stoelting, MD, for editorial suggestions and 
Cindy Finchum for technical help with the color flow Doppler 
mapping. 
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Letters to the Editor 


Value of Heart-Synchronized 
Ventilation during Extracorporeal 
Shock Wave Lithotripsy Remains 
Unproven 


This work has been made possible, in part, by a grant from the 
Lutheran Hospital Foundation. 


To the Editor: 


We read with interest the clinical report by Jansson et al., 
“Heart-Synchronized Ventilation during General Anesthe- 
sia for Extracorporeal Shock Wave Lithotripsy” (1). How- 
ever, we find that their conclusion that timing the respira- 
tions to the heart rate decreases the movement of stones is 
based, in part, on a control group in which there were 
variables not present in the study group. 

When conventional ventilation was compared with 
heart-synchronized ventilation, mean stone movements 
were 18.5 mm and 2.8 mm in the nonoperated group. In the 
operated group, mean movement was 13.8 mm with con- 
ventional ventilation and 3.1 mm with heart-synchronized 
ventilation. However, heart synchronization was not the 
only variable. In fact, we find three variables: heart syn- 
chronization of ventilation, ventilatory tidal volume, and 
ventilatory rate. To assess the effects of heart-synchronized 
ventilation only upon stone movement, tidal volume and 
ventilatory rate must be the same in both groups. 

Ventilatory rate was 12 per minute with conventional 
and 69 per minute with synchronized ventilation. Since 
tidal volumes were not listed, they can only be estimated 
from the data that are given in the report. Conventional 
ventilation of 4.5 liters/m*/min would produce a tidal vol- 
ume of .675 liters [(4.5 x 1.8) + 12]. Heart-synchronized 
ventilation at a rate of 69 per minute with a minute 
ventilation of 13.3 L/min would be accompanied by an 
average tidal volume of .192 liters (13.3 + 69). Accounting 
for compressible volume would further increase the pro- 
portional disparity. 

From the data supplied in the study, one could easily 
conclude that significant reduction of tidal volume results 
in a significant reduction in stone movement. It is necessary 
to use identical tidal volumes and respiratory rates, trig- 
gered by heart rate and at random, while comparing total 
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shocks necessary to break similarly-sized stones, in order to 
prove the authors’ conclusions. 

While we agree that coupling mechanical respirations to 
ECG may decrease movement of stones and hence promote 
more efficient ESWLs, the report by Jansson et al., leaves 
the theory unproven. 


William W. Pond, MD 
Robert L. Lindsey, MD 
Gregory A. Weaver 
Department af Anesthesiology 
Department of Clinical Research 
The Lutheran Hospital 

3024 Fairfield Ave. 

Ft. Wayne, IN 46807 


References 


l. Jansson L, Bengtsson M, Carlsson C. Heart-synchronized ventilation 
during general anesthesia for extracorporeal shock wave lithotripsy. 
Anesth Analg 1988;67:706-9. 


Bier Block Tourniquet Pressure 


To the Editor: 


In 1908, Bier described a method of analgesia produced by 
emptying veins of blood and then filling them with local 
anesthetic solution held in place by a tourniquet (TQ) (1). 
Holmes revived interest in this technique in a 1963 publi- 
cation (2) in which the use of two tourniquets was de- 
scribed. The recent trend toward outpatient anesthesia has 
caused many clinicians to favor this “Bier block” over 
brachial plexus block for hand surgery, since recovery to 
meet discharge criteria is usually more rapid with the 
former. 

For success, the TQ pressure to retain the local anes- 
thetic must of course exceed venous pressure. It must also 
be above arterial pressure if surgical bleeding is to be 
avoided and anesthetic agent trapped in the veins is not to 
be diluted by blood entering from the arteries. Since the 
double TQ technique mandates use of narrow cuffs, well 
known to require higher pressures to occlude arteries, it is 
important to known how high to inflate such a cuff. This 
was recognized by Davies and colleagues (3) who studied 
20 patients with a Hoyle double cuff TQ and a Dinamap 
Model 845 blood pressure recorder, comparing the pres- 
sures required to prevent palpation of the radial pulse. 
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Table 1. Differences Between Systolic (SP) and Pulse 
Occlusion (POP) Pressures in Volunteers with One or 
Two TQ Cuffs Inflated 


2 cuffs 1 cuff 
Arm Size, SP range (POP)-(SP) (POP)-(SP)} 
Subject cm mmHg mmHg mmHg 
1 25 100-107 55 103 
2 27 112-116 33 62 
3 28 115-136 39 110 
4 29 124130 51 49 
5 29 112-120 30 85 
6 30 107-112 92 128 
7 31 116-131 29 56 
8 36 120—128 67 95 
Means 49.5 86.0 
+t SD 21.8 28.2 


Their “occlusion pressure,” measured with the double cuf 
device, was from 3 to 120 mm Hg higher than the systolic 
BP derived from the Dinamap device. They concluded by 
recommending that the occlusion pressure, determined 
with the narrow cuff of the Hoyle device, be determined for 
each patient and that this cuff then be inflated to a value 100 
mm Hg higher than this, to allow for rises of BP intraoper- 
atively. A recent letter by Worth and Kirk (4) suggests a 
similar strategy by determining the pressure necessary to 
halt pulse signals from a pulse oximeter sensor placed on a 
finger of the operative arm, then inflating the TQ to a value 
50 to 100 mm Hg higher. 

We wished to verify the observation of Davies et al. (3) 
that systolic BP is poorly correlated with pulse occlusion 
pressure, using the more objective method of Worth and 
Kirk (4) to determine the latter. Using ourselves and six 
colleagues as subjects, the following measurements were 
made: BP was taken with an Infrasonde D4000, (Puritan- 
Bennett), then that cuff was replaced with a 45.7 cm TQ 
with two 4.8 cm wide cuffs attached to an A.T.S. 500 
tourniquet system (Aspen Labs), an adult digit oxygen 
transducer (Nellcor DS-100A) was placed on the index 
finger and connected to a Nellcor N-100 oximeter unit, and 
both cuffs were inflated incrementally until the pulse dis- 
play disappeared. The pressure was maintained for about a 
minute to be sure the oximeter did not reset itself and begin 
again to display pulsation. The TQ was then released, the 
cuff removed and replaced by that of the Infrasonde unit, 
the BP again determined, the cuff removed and replaced by 
the double cuff, and the pulse occlusion pressure deter- 
mined with only one of the two cuffs inflated incremen- 
tally. The differences between systolic (SP) and pulse oc- 
clusion (POP) pressures were calculated for each pair of 
pressures and recorded, as was the arm circumference 
measured at mid-humerus. 

The results are given in Table 1. The systolic pressure 
ranges of these subjects, including values obtained before, 
during and after the POP measurements, fall within normal 
ranges. The POP determined with two cuffs inflated range 
from 29 to 92 mm Hg higher than SP, and when only one 
cuff of the same device was inflated, from 49 to 128 mm Hg 
higher. The only exception to this was subject four, who 
had essentially the same increase of POP, whether one or 
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two TQ cuffs were inflated. There was no relationship of 
arm size to these differences between POP and SP. 

We conclude that commonly used guidelines for TQ 
inflation that are based on an arbitrary increment above 
systolic BP may markedly under- or overestimate the pres- 
sure needed to stop digital arterial pulsation. We suggest 
that the method of Worth and Kirk (4) has merit, except for 
their suggestion of an increment of 50 to 100 mm Hg higher 
than occlusion pressure. We favor the higher figure, 100 
mm Hg above the POP determined with one cuff inflated, 
as suggested by Davies (3). 


James K. Wilson, MD 

George D. Lyon, MD 

Departinent of Anesthesiology 

University of Mississippi Medical Center 
Jackson, MS 39216 
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Breathing-Circuit Stethoscope and 
Circuit Disconnection 


To the Editor: 


We were interested in the letter from Kainuma and Shi- 
mada (1) describing a breathing-circuit stethoscope and the 
subsequent comments by Gravenstein (2) warning of the 
hazards of one more connection in the breathing circuit as 
well as the potential for endotracheal tube dislodgement. 

Being particularly concerned about the efficacy of this 
device in detecting intra-operative disconnection between 
the endotracheal tube (ETT) and the ETT corrugated 
adapter, we tested the ability of both experienced and 
junior anesthesiologists to detect such a disconnect in the 
operating room. 

A breathing-circuit stethoscope modelled precisely on 
the device of Kainuma and Shimada was assembled using a 
National Catheter Corporation esophageal catheter (size 
18Fr) attached to a monaural stethoscope and incorporated 
into a circle breathing system. All patients in the study 
were having endotracheal anesthesia using controlled ven- 
tilation and a volume-cycled gas-driven ventilator (Camp- 
bell Ventilator, Ulco Engineering Pty Ltd). Patients were 
monitored according to the requirements of their particular 
procedure, including pulse oximetry in all cases. All tests 
were made during a stable period in the operation and no 
attempt was made to influence ambient noise or general 
activity in the operating room. 

Six faculty members and four experienced anesthesia 
residents took part in the evaluation. All were blind to the 
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integrity or otherwise of the breathing circuit. Each anes- 
thesiologist was shown the nature of the device then asked 
to connect a monaural stethoscope and appraise the effec- 
tiveness of the arrangement. During a brief discussion, 
with verbal pauses lasting several patient breaths, the 
anesthesiologists were asked their opinion of the device 
without any indication that a deliberate disconnection was 
about to take place. 

At some time in this period the circuit disconnect alarm 
was deactivated, the ETT disconnected from the circuit, 
and the corrugated connector moved sideways under the 
patient blanket to simulate inadvertent disconnection un- 
der drapes. This condition was maintained for three con- 
secutive cycles of the ventilator. The circuit was then 
re-connected and the circuit disconnect alarm re-activated. 
All disconnections lasted no more than 20 seconds and no 
patient experienced any significant deterioration in oxygen 
saturation. 

At the completion of these maneuvers the anesthesiolo- 
gists were asked to remove the stethoscope and were 
questioned on the quality of breath sounds that had been 
heard and any general impressions of the device. Next they 
were told that a deliberate disconnection had occurred and 
they were asked to identify at which time and for how 
many breaths such disconnection had lasted. Without 
exception no individual was able to recognize the surrepti- 
tious disconnection nor the period for which it lasted. 

While there is potential merit in having remotely moni- 
tored breath sounds as described in the original communi- 
cation by Kainuma and Shimada, we believe that the risk of 
missing an inadvertent circuit disconnect substantially out- 
weighs the advantages. 

Circuit disconnects are one of the most common critical 
incidents leading to potential intra-operative morbidity (3). 
In the noisy environment of the operating room it may be 
extremely difficult to discern by a monaural stethoscope 
that a qualitative change in conducted breath sounds has 
occurred. It also appears that much of the conducted 
“breath sounds” of the breathing-circuit stethoscope are 
caused by inspiratory and expiratory gas movement in the 
breathing circuit itself rather than being conducted from the 
patient's airways. The use of a volume-cycled ventilator 
may give no ventilatory clues that a disconnect has oc- 
curred, and partial disconnects may not trigger some circuit 
disconnect alarms. 

We believe that the breathing-circuit stethoscope could 
provide an unreliable and dangerously false sense of secur- 
ity. It also appears to be an inappropriate source for 
monitoring patient breath sounds which are more appro- 
priately determined by classical stethoscopy at pre-cordial, 
pre-tracheal or esophageal sites. 


John Zelcer, FFARACS 
Rowan R. Molnar, MB Bs 
Department of Anaesthesia 

St Vincent's Hospital 
Melbourne, Australia 
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Isoflurane: Myocardial Ischemia 
without Coronary Steal? 


To the Editor: 


An excellent study by Khambatta et al. (1) elegantly con- 
firmed that, first, isoflurane dilates coronary vessels (2,3), 
second, in case of coronary stenosis isoflurane may cause 
redistribution of coronary blood flow between ischemic and 
non-ischemic areas (4); third, and most important, isoflu- 
rane can actually induce myocardial ischemia in patients 
with coronary artery disease (2). Contrary to the authors’ 
conclusion, however, the study did not suggest that coro- 
nary steal was responsible for isoflurane-induced myocar- 
dial ischemia. First, coronary outflow from the region 
supplied by the obstructed left anterior descending coro- 
nary artery was practically the same in both the isoflurane 
and halothane groups. Great cardiac vein blood flow was 44 
+ 5 ml/min in the halothane group and 56 + 6 ml/min in the 
isoflurane group. Second, oxygen consumption in this area 
was 5 + 0.4 ml/min in both groups despite the fact that 
global coronary flow increased with isoflurane and de- 
creased with halothane. In addition, the extent of reduction 
in global myocardial lactate extraction during isoflurane 
anesthesia may indicate a deterioration in the balance 
between energy production and use outside the region 
supplied by the obstructed coronary artery. If isoflurane, 
which is a coronary vasodilator, and halothane, which does 
not have a coronarodilating property, provide the same 
coronary flow in the area supplied by the constricted artery, 
coronary steal cannot explain why isoflurane, in contrast to 
halothane, causes ischemia. 

Isoflurane may cause or contribute to the ischemia by a 
direct inhibition of the electron transport chain in mito- 
chondria at the level of NADH dehydrogenase. The differ- 
ence between halothane and isoflurane in this regard is 
rather impressive: at the concentrations producing equal 
negative inotropic effect, isoflurane inhibits the electron 
transport chain in the myocardium, and thus energy pro- 
duction, three times as much as halothane (5). The effect of 
halothane on the balance between energy production and 
utilization in the hypoperfused myocardium (as reflected 
by NADH level) may even be beneficial (6). We suggest that 
in case of isoflurane the detrimental effect on the balance 
between energy production and utilization is such that this 
anesthetic may produce myocardial ischemia without cor- 
onary Steal. 


Igor Kissin, MD, PhD 

Simon Gelman, MD, PhD 
Department of Anesthesiology 

School of Medicine 

University of Alabama at Birmingham 
Birmingham, AL 35294 
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In Response: 


We thank Drs. Kissin and Gelman for their interest in our 
paper (1). We are indeed pleased that they agree with our 
conclusions, which are that, in the presence of coronary 
stenosis, isoflurane induces coronary vasodilation redistri- 
bution of coronary blood flow, and myocardial ischemia. 

When myocardial ischemia occurs, coronary sinus drain- 
age is comprised of an admixture of blood from both 
ischemic and nonischemic regions. Even within the great 
cardiac vein, which drains the region supplied by the left 
anterior descending coronary artery, one may find blood 
emanating from hypoperfused subregions and regions that 
have undergone luxury perfusion. Perfusion of an ischemic 
area is thus independent of the total coronary blood flow. 

The blood supply to a region perfused by a stenotic 
coronary artery is augmented by collateral vessels which 
preserve myocardial viability. When coronary steal occurs, 
this fine balance is interrupted and myocardial ischemia 
results (2). Buffington and his associates have shown that a 
quarter of the patients for coronary artery bypass surgery 
have a coronary steal-prone anatomy and that the incidence 
increases with the patient’s age and history of previous 
infarction (3). We observed a similar incidence of ischemia 
in our patients. 

In summary, we have shown that both myocardial 
ischemia and coronary steal occurred simultaneously; al- 
though inhibition of the electron transport chain in mito- 
chondria by isoflurane is an interesting concept (4), there is 
an old adage, “If you hear hoof beats, don’t think zebras.” 


Hoshang J. Khambatta, MD 

J. Gilbert Stone, MD 

Department of Anesthesiology 

Columbia University College of Physicians and Surgeons 
New York, NY 10032 
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Soft and Firm Introducers for 
Translaryngeal Guided Intubation 


To the Editor: 


Dr. Freund and colleagues (1) reported a case of difficult 
endotracheal intubation solved by employing a translaryn- 
geally inserted epidural catheter which was subsequently 
threaded through a Eschmann stylet (with its woven ends 
cut off). The endotracheal tube was then slid over the 
Eschmann stylet into the trachea. 

We described a technique employing a pair of introduc- 
ers, soft and firm, to accomplish the same purpose some 
time ago (2,3). The only differences between our technique 
and that described by Freund et al. are that we used a 
smaller needle/catheter (20Ga vs 17Ga) and a spring wire 
with its plastic sheath protector. The spring wire is stiffer 
than the epidural catheter, and is, therefore, much easier to 
pass through the vocal cords. The sheath protector which 
comes with wire has to be shortened only at the distal end. 
This avoids the possibility of trauma from the rough cut 
end of the Eschmann stylet. 

Endotracheal intubation guided by a translaryngeally 
inserted introducer is traditionally referred to as ‘‘retro- 
grade intubation.” However, since the endotracheal tube is 
not inserted from below the vocal cords, though the guide 
wire is, it has been suggested that it would be more 
appropriate to call it “translaryngeal guided intubation” 
(TLD (4). 

Hwa-Kou King, MD 

Long-Fong Wang, MD 

Ahsanul K. Khan, MD 

Daniel J. Wooten, MD 

Charles R. Drew University of Medicine and Sciences 
Department of Anesthesiology 


12021 South Wilmington Avenue 
Los Angeles, CA 90059 
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Edrophonium and Pralidoxime 


To the Editor: 


Recent advertisements in this journal for the Reversol® 
brand of edrophonium are misleadingly unclear. The man- 
ufacturer states that the action of the drug “is due primarily 
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to the inhibition or inactivation of acetylcholinesterase” and 
recommended that “pralidoxime chloride (a cholinesterase 
reactivator)” may be used in conjunction with atropine for 
treatment of overdosage. 

Of the drugs routinely employed clinically for the spe- 
cific inhibition of acetylcholinesterase, edrophonium is 
unique in lacking a transferable ester group. Thus, edro- 
phonium inhibits acetylcholinesterase through noncovalent 
binding but does not inactivate the enzyme in the sense 
that the term inactivation is generally applied to enzymes 
(1). In contrast, carbamate esters (such as neostigmine) and 
phosphorus-containing esters (such as echothiophate) in- 
activate acetylcholinesterase through covalent modification 
of the protein in transesterification reactions (2,3). Pralidox- 
ime reactivates acetylcholinesterase by functioning as an 
acceptor in a subsequent transesterification (2,3). Thus, 
pralidoxime cannct increase the activitv of acetylcholines- 
terase inhibited by edrophonium. In theory, pralidoxime 
could worsen cholinergic crisis caused purely by edropho- 
nium since pralidoxime has some low-grade activity as a 
reversible inhibitor of acetylcholinesterase (4). As the ad- 
vertisement is intended to indicate, pralidoxime has a 
rationale for treatment of edrophonium-provoked choliner- 
gic crisis only in the additional presence of an ester-type 
inactivator of cholinesterase. 


Theodore A. Alston, MD, PhD 
Department of Anesthesia 
Massachusetts General Hospital 
Boston, MA 02114 
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In Response: 


We wish to take issue with Dr. Alston’s comment that our 
“advertisements” for the Reversol brand of edrophonium 
chloride are “misleadingly unclear.” The advertisement in 
question is simply an announcement of the availability of 
edrophonium chloride from Organon. Dr. Alston’s com- 
ments appear to refer to the accompanying prescribing 
information which appears on the reverse side of the 
announcement. 

In accordance with FDA regulations this prescribing 
information contains virtually the same language as that of 
the pioneer edrophonium chloride product. However, it is 
Organon’s understanding that the FDA is currently review- 
ing labeling for all edrophonium chloride products. We will 
bring Dr. Alston's incisive comments to the attention of the 
FDA. 

Frank M. Pafumi 
Organon Inc. 


375 Mt. Pleasant Avenue 
West Orange, NJ 07052 
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Book Reviews 


Anyone Can Intubate 
Christine E. Whitten. San Diego: Medical Arts Press, 
1989, 150 pp, $14.95. 


Anyone Can Intubate is a simplistic, economical illustrated 
guide to intubation. The intended audience is medical and 
nursing students, paramedics and anesthesia residents. 
The author presents her subject in a basic straightforward 
manner in the anesthetic vernacular and in an amusing 
tone. The 11 concise chapters include anatomy, airway 
evaluation, equipment, oral and nasal technique in adults 
as well as intubation in children, test for tube placement, 
common errors in technique, “tricks of the trade,” and 
seven pages of complications “during and after intuba- 
tion.” Each chapter includes references. 

The only shortcoming, but not a serious drawback, is the 
absence of any photographs. The hand-drawn illustrations 
adequately convey the message. While this book will prob- 
ably not be placed alongside any “bibles of anesthesia,” it 
fulfills the subtitle ”a practical, step-by-step guide for the 
health profession.” This unpretentious little book provides 
_an excellent overview for the neophyte and can be read in 
an evening. 


Joanne C. Hudson, MD 
Medical College of Virginia 
Richmond, Va 


Computing for Clinicians 
T. Chart. Bristol, UK: IOP Publishing Ltd., 1988, 136 pp, 
$32.40. 


Computing for Clinicians is intended for the physician who 
has little or no knowledge of computing. The book’s assets 
are that it is relatively short and follows a tightly structured 
outline of pertinent topics. It discusses both the adminis- 
trative and clinical aspects of computing. It also introduces 
many of the basic concepts of computing at the beginner 
level. A short book of this sort is needed, and in many 
aspects, this book meets those needs. 

Certainly, the group of physicians and medical person- 
nel for whom this book is targeted is in need of such a book. 
However, nowhere in this book does the author transmit 
the youthful excitement that people can experience with 
computing once they have overcome their initial fears of 
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the technology. The tone of this book is that computing is 
a necessary burden for our profession, imposed on us in 
order to increase our efficiency. This may reflect the au- 
thor’s choice of operating systems. He learned computing 
on “command line” operating systems such as MS DOS, 
Though this type of operating system is the most common, 
the trend is to support graphic interfaces on all computers, 
and the first moments of computer interaction may decide 
whether a person is going to enjoy or resist further learn- 
ing. 

Graphic interfaces such as the Macintosh operating 
system, NeWs, etc., in combination with pointing devices 
such as the “mouse,” track balls, or pen-style pointers 
enhance the crucial first experience. Despite this, the au- 
thor discredits the utility of pointer devices early in his 
book. He feels that users always return to the keyboard and 
that other devices are therefore relatively useless. This book 
was, however, written in the United Kingdom, which may 
explain the author’s viewpoint. In this country, graphic 
interfaces using pointer devices provide the intimidated 
user with an environment which quickly becomes an indis- 
pensable tool, and keyboard equivalents are discovered 
gradually by the user, after the initial fears and confusions 
are overcome. Even visual effects often used in such soft- 
ware may heighten the user’s interest and desire to learn. 

Another opinion stated by the author is that there is no 
reason for a clinician to understand anything more about 
certain technical aspects than the simplified definitions 
which he gives in his book. It may be unnecessary and even 
destructive to insist that a new user be capable of handling 
technical jargon from the outset, but the book should 
acknowledge that many readers will get involved and 
desire greater understanding. Technical understanding al- 
lows the physician to solve problems better as she/he 
becomes more sophisticated. Technical expertise may be 
separate from the ability to use, but some clinicians benefit 
from understanding what is being done to the information 
in the computer, especially the clinician who intends to 
manage a practice or perform research. 

The authors are to be congratulated for their efforts to 
educate the medical world about computing. In particular, 
the sections dealing with the diverse applications of com- 
puters in medicine were well thought out and informative. 
However, these reviewers feel that the very existence of 
some of the material in the book is a critical indictment of 
the operating systems which have left a large portion of the 
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medical community fearful to integrate computers into 
their daily routines. Graphic interfaces and the use of 
intuitive data entry devices such as pointers and eventually 
voice command facilitate the integration of computing into 
clinical practice and deserve more emphasis in this book. 


Glenn Kletsky, Bs 

Alan Grogono, MD 

Tulane University School of Medicine 
New Orleans, La 


Myocardial Ischemia and 
Perioperative Infarction 


J. G. Reves, ed. Anesthesiology Clinics of North America. 
Philadelphia: W.B. Saunders Co., 1988, 193 pp, $27.00. 


Dr. Reves indicates in the preface that this book is aimed 
toward “‘the reader who in a busy practice must care for 
many patients with ischemic heart disease.” The 200-page 
book is divided into nine chapters all oriented toward 
different aspects of ischemic heart disease. The quality of 
the chapters vary widely but all are written by individuals 
well versed in their fields. Each chapter is authoritative as 
well as current in thinking. 

This reviewer especially enjoyed the chapter by Paul 
Wolff, Mp, and Michael Nugent, Mp, “Mechanisms of 
Myocardial Ischemia and Infarction.” It provided a clear, 
basic description of the determinants of myocardial isch- 
emia and the importance of these determinants in various 
disease processes. The chapter by Fiona Clements and 
Norbert de Bruijn entitled “Detection of Myocardial Isch- 
emia and Infarction” was also an excellent, simple descrip- 
tion of the major advances in monitoring (i.e., two- 
dimensional echocardiography, automated ST-segment 
analysis, etc.) that will be increasingly utilized for evaluat- 
ing perioperative ischemia. In contrast, some chapters 
seem to be primarily literature reviews with short critiques 
of one study after another in rapid fire succession, each 
having major differences in experimental design and con- 
clusions. Given the newness of much of the information 
and occasionally the controversy surrounding the subject, 
this literature review style approach does lend an impartial 
air to the material. For the cardiac anesthesiologist dealing 
with these problems on a daily basis, this approach is 
illuminating and interesting. However, for the occasional 
practitioner of cardiac anesthesia, this approach is both 
confusing and frustrating since the inevitable conclusion is 
that more research needs to be carried out before a defini- 
tive conclusion can be made. 

Another criticism is that a topic may be covered multiple 
times in different chapters. For instance, four of the nine 
chapters have a section dealing with silent myocardial 
ischemia and two chapters deal extensively with the same 
myocardial pharmacologic agents. Though this redundancy 
was initially irritating, each chapter author does bring a 
different approach to the topic and provides additional 
information. In addition, for the busy practitioner looking 


ANESTH ANALG 829 
1989;68:828-31 


for immediate information, each chapter is essentially all- 
inclusive. 

Despite the shortness of this volume, it serves as an 
authoritative, well-referenced, concise, up-to-date review 
of current thinking on a number of aspects concerning 
patients with myocardial ischemia. However, the volume is 
likely to be of more value to the practitioner who encoun- 
ters the ischemic heart patient frequently rather than the 
occasional practitioner. 


Roger A. Moore, MD 

Deborah Heart and Lung Center 

Browns Mills, NY, and 

University of Pennsylvania 

Philadelphia, Pa 

Note: Price for annual subscription (four issues) of Anesthesiology 
Clinics is $65. 








Capnography in Clinical Practice 
J. S. Gravenstein, D. A. Paulus, and T. J. Hayes. 
Stoneham, MA: Butterworths, 1988, 158 pp, $21.95. 


Capnography, a graphic display of airway carbon dioxide 
concentration, can prevent anesthetic disasters such as 
unrecognized esophageal intubation and airway disconnec- 
tion. Gravenstein, Paulus, and Hayes show that when 
properly interpreted, capnograms can yield much addi- 
tional information. Part I, “Clinical Perspectives on Cap- 
nography,” describes the “anatomy” of a normal capno- 
gram, the associated physiology, and the functional 
difference between mainstream analyzers (whose analyzing 
cuvette is part of the airway) and sidestream analyzers 
(which aspirate gas from the airway for remote analysis). 
Based on this background, the authors proceed to discuss 
factors which may affect the appearance of the CO, wave- 
form. For example, changes in ventilation or CO, produc- 
tion may cause abnormally high or low end-expiratory CO, 
tensions. A gradually upsloping alveolar plateau suggests 
uneven alveolar emptying, while “dips” in the alveolar 
plateau may be the first indication that a mechanically 
ventilated patient is attempting to breathe spontaneously. 
Equipment malfunctions may also be distinguished by their 
characteristic capnograms: the presence of CO, throughout 
inspiration indicates a malfunctioning expiratory valve or 
exhausted sodalime. Experimental capnograms from Dr. 
Gravenstein’s laboratory illustrate the CO, waveforms 
associated with Mapleson or Bain partial rebreathing 
systems. Unfortunately, the mechanism of cardiogenic os- 
cillations in capnograms from mainstream analyzers is 
presented inaccurately: in fact, as with sidestream analysis, 
these oscillations result from reciprocal motion of the inter- 
face between end-tidal and fresh gas across the sampling 
site. With mainstream analysis, this interface is drawn 
toward the analyzer cuvette by the bulk flow of gas into the 
airway during apnea (apneic oxygenation). Part I concludes 
with a brief summary of clinical indications for capnogra- 
phy: detection of esophageal intubation or inadequate 
ventilation (e.g., ventilator disconnection), early diagnosis 
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of malignant hyperthermia, and adjustment of CO, tension 
in patients with intracranial pathology. 

Part II, “Physiologic Perspectives on Carbon Dioxide,” is 
a discussion of carbon dioxide production, transport, and 
elimination. The material is similar to that found in elemen- 
tary physiology textbooks; however, errors in the text make 
parts of the discussion difficult to follow. For instance, the 
chloride shift is described backwards: the authors incor- 
rectly state that when red blood cells buffer CO,, there is 
“displacement of the chloride ion from the cell to the 
plasma...” (p. 67). Also, the authors use the partial 
pressure of oxygen rather than oxygen content in the 
calculation of shunt (p. 85). Because of such inaccuracies, 
Part I of the text should be skipped by those who are not 
familiar enough with the topic to recognize the errors. 

Part IM, Technical Perspectives on Capnography,” is a 
discussion of the technical aspects of CO, analysis. After a 
discussion of general principles applicable to all methods of 
analysis (accuracy, calibration, response time, interfer- 
ence), separate chapters discuss each of the three available 
CO, measurement systems: infrared, mass spectrometry, 
and Raman scattering. The thorough, clearly-written dis- 
cussion of infrared CO, analysis includes a description of 
filtering techniques (to reduce interference from gases with 
similar infrared absorption spectra); there is also a lucid 
introduction to the “pressure broadening” effect: diluent 
gases such as N, or NO may absorb energy from excited 
CO, molecules, allowing further infrared absorption and 
artifactually increasing the CO, measurement. The descrip- 
tion of Raman scattering is similarly complete, and pro- 
vides useful insight into this new technique of respiratory 
gas analysis. After deriving the basic mass spectrometry 
equation, the authors discuss its application to both fixed 
sector and quadrapole analyzers. The discussion of gas 
flow characteristics in different parts of mass spectrometer 
systems is excessive and inconclusive: summing networks 
built into the analyzer compensate for any errors which 
might be introduced by flow variations. However, these 
circuits may introduce errors if unanalyzed gases (e.g., 
aerosol propellants, helium) are present: these effects are 
clearly described in a separate section. Users of multiplexed 
mass spectrometer systems will benefit from the discussion 
of dwell time and breath detection algorithms. The final 
chapter returns to the issue of mainstream versus side- 
stream gas sampling; differences regarding such factors as 
airway adaptors, time delay, water condensation, and 
infection control are described in detail. Although one of 
the authors (Hayes) is employed by a manufacturer of 
mainstream analyzers (Hewlett-Packard), the discussion 
does not appear to be biased in favor of mainstream CO, 
analysis. 

In conclusion, Capnography in Clinical Practice is a useful 
reference for those who wish to glean as much information 
as possible from the capnograms they observe in clinical 
practice. It also serves as a useful primer on the principles 
of CO, analysis. However, this book should not be used as 
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an introduction to the physiology of carbon dioxide because 
of the errors in that section of the text. 


Jeffrey B. Gross, MD 
University of Pennsylvania 
Philadelphia, Pa 


Acupuncture, Textbook and Atlas 
Gabriel Stux, Bruce Pomeranz, eds. New York: 
Springer-Verlag, Inc., 1988, 342 pp, $69.00. 


This book is a compilation of material from different books 
which the first author, Gabriel Stux, published earlier in 
German. It is intended for Western acupuncturists. An 
attempt is made to convince the reader of the validity of 
medical benefit of acupuncture by providing scientific data 
with the help of the second author, Bruce Pomeranz, a 
well-known researcher in acupuncture. 

The book contains 15 chapters, an appendix section, and 
literature citations at the end of the book. The chapters do 
not have references except for the chapter entitled “Sci- 
entific Basis for Acupuncture.” The first chapter provides 
evidence for scientific basis of acupuncture, and deals with 
the relationship of acupuncture analgesia to pain, drug 
addiction, and systemic diseases. This chapter is well 
written and provides good evidence for neural mechanisms 
of acupuncture analgesia, a strong relationship with endor- 
phins and acupuncture and a possible synergism of sero- 
tonin and norepinephrine. The references provided in this 
chapter are up-to-date. 

Chapters 2 and 3 cover history of acupuncture and a 
background on traditional Chinese medicine. It covers such 
topics as Yin and Yang, the cosmic vital energy: Qi, Shen 
on psychic energy along with internal emotional and exter- 
nal climatic factors. The chapter on history is only 1; pages 
long. The reviewer finds this inadequate. One would 
expect a more detailed account of history of acupuncture 
which is colorful, in a text book such as this. 

Chapter 5 describes the Chinese system of channels, 
organs, and point. This is well written and makes it easier 
to understand what is considered otherwise to be a very 
difficult language. The illustrations are superb and clear 
and go a long way in allowing even a novice to understand 
acupuncture. The systematic description of channels and 
point occupies approximately 145 pages—about half of the 
whole book. Since this is a source book on acupuncture, 
this much space allocated to anatomic description of chan- 
nels and point is appropriate. 

Chapters 8-14 cover the techniques and all native 
methods of acupuncture with concise descriptions of acu- 
puncture needles, electroacupuncture, moxibustion, laser 
acupuncture, acupressure, ear acupuncture, and hand ac- 
upuncture. For a novice who does not practice acupunc- 
ture, these chapters are useful, but for an acupuncture 
specialist, it is too superficial and elementary. 

Chapter 15 provides a brief description for rationale for 
acupuncture treatment, rules of point selection, and selec- 
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tion of point for analgesic, sedative, tonifying, immune- 
enhancing, or homeostatic effect. The larger portion of the 
chapter deals with indication for acupuncture and selection 
of point for various medical diseases. To the anesthesiolo- 
gist, this is not useful. 

The appendices are somewhat useful but not all that 
necessary. For instance, Appendix G provides illustrations 
from The Golden Mirror of Medicine, a book published in 
the Quianlong era (1736-1796). This could have been easily 
incorporated into Chapter 2, which is a very short one 
indeed. 

Overall, the book provides useful information on basics 
of acupuncture. This is of help to the novice acupunctur- 
ists. From the anesthesiologist’s point of view, however, a 
lot of information is redundant since it is devoted to 
treating medical illnesses. The reviewer does recommend 
the book for one’s personal library. 


Basics of Acupuncture 


Gabriel Stux and Bruce Pomeranz. New York: 
Springer-Verlag, Inc., 1988, 272 pp, $19.50. 


The authors abstracted most of the information from Acu- 
puncture, Textbook and Atlas and created another book. The 
book does not lose quality in its abstraction and maintains 
the information provided in the Textbook of Acupuncture. 
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It is less expensive and hence available to larger readership. 
The reviewer recommends it to the novice acupuncturist. 


P. Prithvi Raj, MD 
University Center for Pain Medicine at Hermann Hospital 
Houston, Tex 
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electroencephalographic changes 
during 177 
malignant hyperthermia and 750 
operations of long duration and 
enflurane vs S150 
out-patient endoscopy with 
midazolam vs $222 
recovery after long procedures with 
isoflurane vs S313 
recovery and psychomotor effects 
after thiopental and 5151 
ventriculography and invasive cardiac 
monitoring with $161 
vitreous surgery and isoflurane vs 
S197 
sufentanil 
cardiopulmonary bypass and 462 
sympathetic response blockade by, in 
coronary artery bypass grafting 584 
thiopental 
cardiovascular neuroregulation effects 
344 
for cesarean section, comparison to 
midazolam 229, 234, 238 
Anesthetics, local 
bupivacaine 
conduction blockade in vagus nerve 
724 
effect of volume of, in children $179 
hemodynamic effects of ropivacaine vs 
S84 
interpleural, post-thoracotomy cancer 
pain management with 694 
paravertebral spread 32 
peribulbar anesthesia with lidocaine 
and $317 
peribulbar block and $317 
postoperative pain and morbidity in 
ambulatory surgery and S149 
postoperative paralytic ileus reduction 
by 352 
toxic effects S14 
2-chloroprocaine 
epidural, pH and pCO, effects on 593 
epidural anesthesia with S279 
epidural anesthesia in labor and 523 
epidural fentanyl and 5255 
triomethamine and S5 
lidocaine 
blood flow effects 308 
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brain 5182 
carbonated pharmacokinetics 90 
comparison of levels of S264 
diazepam vs midazolam in prevention 
of toxicity $107 
disposition, following intravenous 
anesthesia, tourniquet deflating 
techniques and 633 
effects of temperature of S45 
epidural, spinal cord blood flow 
effects 312 
hemodynamic responses to intubation 
and $27 
intubating with vecuronium and $318 
intubation and 5225 
mode of action 563 
peribulbar anesthesia with 
bupivacaine and 5317 
residual] neuromuscular block and 
9154 
toxicity, midazolam effects on 744 
tremor during epidural anesthesia and 
5102 
phenol 
intercostal nerve block, bronchospasm 
complicating 400 
ropivacaine 
brachial plexus block with 5230 
conduction blockade in vagus nerve 
724 
epidural anesthesia with 5290 
epidural effects of S58 
hemodynamic effects of bupivacaine 
vs S84 
Anesthetics, volatile 
enflurane 
acetylcholinesterase and halothane 
and $141 
effects of flumazenil on isoflurane and 
$249 
hepatic blood flow and $313 
hypoxic injury and $183 
MAC, nitrous oxide and 556 
MAC, nitrous oxide and (editorial) 553 
myocardial oxygen balance and 
tension effects 286 
papillary muscle conduction velocity 
and action potential upstroke effects 
219 
serum fluoride levels after, in children 
396 
halothane 
blood/gas solubility of sevoflurane, 
isoflurane and S178 
cerebral blood flow and metabolism 
effects 712 
effects on cerebrovascular, metabolic, 
and electroencephalographic 
responses to nitrous oxide 135 
effects on mechanical function during 
hypoxia and reoxygenation 527 


hemodynamic response to, in 
coronary artery occlusion 752 

hepatic lipoperoxidation and 
chloroform vs 556 

isoflurane and 5246 

length-tension relation of isolated 
ventricular myocardium $126 

MAC, aging effects on 359 

in myocardial ischemia (letter) 825 

papillary muscle conduction velocity 


and action potential upstroke effects . 


219 
pediatric, low-dose atracurium 
intubation and 609 
pediatric expiratory muscle activity 
during 5259 
pipecuronium bromide action end 208 
plasma atrial natriuretic polypeptide 
and angiotensin II effects 40 
pseudocholinesterase and enfltrane 
and $141 
requirements, progesterone 
decreasing of 46 
spinal cord and cerebral 
autoregulation alterations during 
S119 
vasodilating effects of isofluran2 vs 
$138 
ventricular tachycardia and 595 
1-537 
halogenation and 599 
1-653 
halogenation and 599 
hepatocellular integrity after, 
prolonged S125 
isoflurane and $303 
metabolism 147 
isoflurane 
blood/gas solubility of sevoflurene, 
halothane and $178 
cerebral blood flow and metabclism 
effects 712 
cerebral blood flow autoregulat:on 
and $7 
EEG analysis during pediatric 
recovery from 5105 
effects on cerebrovascular, metabolic, 
and electroencephalographic 
responses to nitrous oxide 135 
effects of flumazenil on enflurane and 
$249 
electroencephalographic burst 
suppression by 9 
flumazenil and $247 
hemodynamic response to, in 
coronary artery occlusion 752 
hepatic circulation and oxygen 
metabolism with 5188 
hepatotoxicity and metabolism, in 
cirrhosis, 214 
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intraoperative hypotension control 
with, in coronary artery disease 105 
kinetics of cyclosporine altered by S% 
metabolism 147 
MK-801 and S319 
myocardial ischemia induction, 
without coronary steal (letter) 825 
myocardial oxygen balance and 
tension effects.286 
pharmacokinetics of 5314 
pipecuronium bromide action and 20 
potency, halogenation and 599 
in Sandhill cranes 511 
thermoregulatory threshold and $280 
uptake in elderly patients $75 
vasodilating effects of halothane vs 
$138 
sevoflurane 
blood/gas solubility of isoflurane, 
halothane and $178 
interaction between soda lime and 
5285 
Angioplasty, see Heart, myocardial 
infarction 
Angiotensin, see Polypeptides 
Antagonists, miscellaneous 
benzodiazepines : 
flumazenil, hypoxic ventilatory 
response effects 473 
Antagonists, narcotic 
naloxone 
“ pregnancy-induced naloxone 
reversible analgesia $131 
Antagonists, neuromuscular relaxants 
edrophonium 13 
edrophonium (letter) 826 
neostigmine 13 
actions at mouse nerve terminal $193 
pralidoxime (letter) 826 
Arrhythmias, see Heart 
Arterial waveform, see Measurement 
techniques 
Aspiration, see 
Complications, lung 
Gastrointestinal tract, stomach 
Lung 
Atracurium, see Neuromuscular relaxants 
Atrial natriuretic peptide, see 
Polypeptides 
Barbiturates, see Hypnotics 
Baroreceptors, see 
Receptors 
Reflexes 
Benzodiazepines, see Hypnotics 
Bier block, see Anesthetic techniques, 
intravenous 
Biotransformation, drug 
1-653 147 
isoflurane 147 
Blood 


coagulants 
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protamine, electromechanical effects 
479 
coagulation 
abnormal, Hyskon administration and 
686 
coagulopathies in cardiopulmonary 
bypass 5273 
heparin, protamine neutralization of, 
pulmonary hemodynamic responses 
after, thromboxane mediation of 25 
protamine, neutralization of heparin, 
pulmonary hemodynamic responses 
after, thromboxane mediation of 25 
Blood pressure 
arterial 
waveform, during ventricular failure 
and external chest compression 150 
measurement 
general anesthesia induction and $106 
monitor based on arterial tonometry 
5145 
Blood pressure, hypertension 
treatment 
dilevalol in postoperative 
hypertension 594 
Book reviews 
. Acupuncture, Textbook and Atlas, (Stux 
G, Pomeranz B) [Raj PP] 830 
Anaesthesia at the District Hospital 
(Dobson MB) [Rice LJ] 429 
Anesthesia in Hepatic and Biliary Tract 
Disease, (Brown BR) [Maze M] 703 
Anesthesiology, Problem-Oriented 
Patient Management, (Yao F-S, 
Artusio JF) [Frumin MJ] 428 
Anyone Can Intubate, (Whitten CE) 
[Hudson JC} 828 
Basics of Acupuncture, (Stux G, 
Pomeranz B) [Raj PP] 830 
Capnography in Clinical Practice, 
(Gravenstein, JS, Paulus DA, Hayes 
TJ) [Gross JB] 829 
Cardiopulmonary Cerebral 
Resuscitation, Third Edition, (Safer P, 
Bircher NG) [Campbell FW] 425 
Care of Strangers, The Rise of America’s 
Hospital System, (Rosenberg CE) 
[Ellison N] 75 
Computing for Clinicians, (Chart T) 
{Kletsky G, Grogono A] 828 
Consciousness, Awareness, and Pain in 
General Anaesthesia, (Rosen M, Lunn 
JN) [Guerra F] 704 
Controversies in Cardiovascular 
Anesthesia, (Fyman P, Gotta AW) 
[Brent CW] 705 
Critical Care, (Ciretta JM, Taylor RW, 
Kirby RR) [Brown M] 428 
Experimental Malignant Hypothermia, 
(Willams CH) [Muldorn SM] 705 
Intravenous Anesthesia and Analgesia, 


(Corssen G, Reves JG, Stanley TH) 
[Erdmann W] 706 

Local Anesthetics, (Strichartz) [Greene 
NM] 189 

Management of Patients with 
Multisystem Organ failure, (Kvetan V, 
Askanazi J) [Sloden RN] 427 

Multidisciplinary Pain Center, The, 
(Ghia JN) [Peeters-Adsourian C] 549 


Muscle Relaxants in Clinical Anesthesia, . 


(Bevan DR, Bevan JC, Donati F) 
[Bartkowski RR} 426 
Myocardial Ischemia and Perioperative 
Infarction, (Reves JG) [Moore RA] 828 
Near Misses in Anesthesiology: Lessons 
Learned, (Lewis JM, Stoneham TF) 
[Keenan RL] 429 
Pediatric Anesthesia and Emergency 
Reference, (Mazala M) [Nicholson SC] 
548 
Persistent Pain: Psychosocial 
Assessment and Intervention, (Lynch 
NT, Vasudevan SV) [Ketterer MW] 
425 
Pharmacologic Approach to the 
Critically Ill Patient, The, (Chernow B) 
[Floyd JL} 75 
Pocket Manual of Anesthesia, (Lenz, 
Koller, Schorer, Spoerel) [Hanson CW 
Il] 703 
Practical Anesthesia Pharmacology, 2nd 
Edition, (Attia RR, Grogano AW, 
Domer FR) [Ellison N} 427 
Principles of Airway Management, 
(Finucane BT, Santora AH) {Liu PL] 
548 
Safety and Cost Containment in 
Anesthesia, (Gravenstein JS, Holzer 
JF) [Eggers GWN Jr] 190 
Books received 706, 831 
Brachial plexus, see Anatomy 
Brain 
blood flow 
brain lactate and meurologic outcome 
after ischemia $124 
fentanyl-diazepam anesthesia and 
S205 
metabolism, isoflurane, halothane, 
fentanyl comparisons 712 
nitrous oxide effects on, anesthetics 
and PaCO, and 135 
cerebral blood flow 
cardiac arrest, nimodipine effects on 
436 
cardiac arrest, nimodipine effects on 
(editorial) 431 
sodium nitroprusside infusion and 122 
compliance 
effect of central venous pressure on 
5115 
electroencephalogram 
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ischemic EEG time and outcome 5287 
isoflurane effects on 9 
nitrous oxide effects on, anesthetics 
and PaCO, and 135 
ischemia 
isoflurane vs methohexital during 519 
local anesthetics 
lidocaine in $182 
serotinin (5-hydroxytryptamine) and 
5185 
Bupivacaine, see Anesthetics, local 
Butorphanol, see Analgesics 
Caicium, see Ions 
Calcium channel blockers, see 
Heart 
Pharmacology 
Cancer 
plasma cholinesterase chemotherapy 
and 5229 
Cannulation, see 
Anatomy, specific arteries 
Veins 
Vessels 
Capnograph, see Measurement techniques 
Capnometry, see Measurement techniques 
Carbon dioxide 
measurement 
noninvasive monitoring 5295 
using Siemens-Elema 930 CO, 
analyzer, rebreathing effects on 
(letter) 698 
production 
tracheal intubation effects on 112 
tension 
alveolar, pulmonary hypertension and 
792 
Cardiac output, see 
Heart 
Cardiovascular anesthesia, see 
Anesthesia, cardiovascular 
Cardiovascular bypass, see 
Anesthesia, cardiovascular 
Surgery, cardiovascular 
Cardiovascular system, see 
Anesthesia, cardiovascular 
Arteries 
Heart 
Reflexes 
Surgery 
Veins 
Carotid sinus, see Receptors, baro 
Catheters, see Equipment 
Caudal, see Anesthetic techniques, 
epidural 
Celiac plexus, see Anesthetic techniques 
Central nervous system, see 
Brain 
Spinal cord 
Cerebral blood flow, see 
Brain 
Spinal cord 
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Cesarean section, see Anesthesia, obstetric 
Children, see Anesthesia, pediatric 
2-Chloroprocaine, see Anesthetics, local 
Cholinesterase, see Enzymes 
Cimetidine, see Pharmacology 
Circuits, see Equipment, anesthesia 
circuits 
Cirrhosis, see Liver 
Clonidine, see Sympathetic nervous 
system, pharmacology 
Coagulation, see Blood 
Colon, see Gastrointestinal tract 
Complications 
amyotrophic lateral sclerosis 
epidural anesthesia for 410 
autonomic hyperreflexia 
in spinal cord injury, during 
lithotripsy 783 
fibrodysplasia ossificans progressiva 175 
intraoperative 
diagnosis, anesthesia trainee and 444 
lung 
foreign body 803 
obesity 
preoxygenation in 517 
osteogenesis imperfecta 
anesthesia-induced hyperthermia in 
811 
quadriplegia 
autonomic hyperreflexia in, epidural 
fentanyl control of 523 
shivering 
epidural sufentanil associated, 
cessation of 70 
Computers, see 
Anesthesia, scheduling 
Measurement techniques 
Records, anesthesia 
Statistics 
Conduction anesthesia, see Anesthetic 
techniques, regional 
Consent, see Medicolegal 
Coronary, see 
Heart, blood flow 
Heart, coronary occlusion 
Coronary artery bypass, see 
Anesthesia, cardiovascular 
Surgery, cardiovascular 
Curare, see Neuromuscular relaxants, 
d-tubocurarine 
d-tubocurarine, see Neuromuscular 
relaxants 
Dantrolene, see Hyperthermia, malignant 
Desmopressin, see Kidney, antidiuretics 
Diadonium, see Neuromuscular relaxants 
Diazepam, see 
Anticonvulsants 
Hypnotics, benzodiazepines 
Premedication 
Dilevalol, see Blood pressure, 
hypertension 


Diltiazem, see 
Heart 
Pharmacology 
Dopamine, see 
Heart 
Pharmacology 
Sympathetic nervous system 
Doppler, see Measurement techniques 
Doxacurium, see Neuromuscular relaxants 
Doxorubicin, see 
Cancer, chemotherapy 
Droperidol, see 
Anesthetics, intravenous 
Vomiting 
Drug interactions 
cholecystokinin, proglumide 51 
Echocardiography, see Measurement 
techniques 
Edrophonium, see Antagonists, 
neuromuscular 
Education 
anesthesia trainee 
response to simulated critical 
incidents 444 
clinical experience of anesthesia 
residents 588 
daily evaluation of anesthesia resident's 
clinical performance S89 
faculty bias in ratings of resident 
performance $206 
residency programs 
National Resident Matching Program 
226 
residents 
third clinical year of anesthesia 
residency $128 
simulators 
management of myocardial ischemia 
with $248 
Electroanesthesia, see Anesthetic 
techniques, electronarcosis 
Electrocardiography, see 
Heart 
Monitoring 
Electroconvulsive therapy, see Anesthesia 
Electroencephalogram, see 
Brain 
Monitoring 
Electronarcosis, see Anesthetic techniques 
Embolism 
air 
Bunegin-Albin catheter and 298 
pulmonary circulation and $227 
fat 
capnography vs. pulmonary artery 
pressure monitoring in 94 
marrow 
capnography vs. pulmonary artery 
pressure monitoring in 94 
Endobronchial techniques, see Anesthetic 
techniques 
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Endobronchial tubes, see Equipment 
Endorphins, see 
Brain 
Polypeptides 
Endotracheal tube, see Equipment, tube: 
Enflurane, see Anesthetics, volatile 
Enzymes 
plasma cholinesterase 
activity in cerebrospinal fluid 486 
inhibition, cimetidine and ranitidine 
effects on succinylcholine duratior 
of action and 295 
mivacurium chloride and 
succinylcholine metabolism in 452 
plasma cholinesterase 
pseudocholinesterase 
xanthine oxidase 
multiple organ dysfunction and 5215 
Epidural, see 
Anatomy 
Anesthetic techniques 
Epinephrine, see 
Heart, arrhythmias 
Sympathetic nervous system 
Equipment 
absorber 
heat generation, soda lime exhaustic 
and 783 
anesthetic machines 
safety (letter) 421 
catheters 
elastomeric hydrogel catheter 5219 
suction, blind nasal intubation 
facilitation by (letter) 701 
vascular perforation with $20 
circuits, anesthetic 
Bain system vs Humphrey's ADE 
system $251 
Humphrey ADE system vs the Magi 
system $252 
Doppler ultrasound 
in jugular venipuncture (letter) 700 
fiberoptic intraarterial pHa, PaCO2 anı 
PaCOQ2 in OR S16 
humidifier 
heat-moisture exchanges 5166 
prevention of intraoperative 
hypothermia in pediatrics with 52 
needles 
spinal (letter) 545 
Siemens-Elema 930 CO, analyzer 
deadspace measurement, rebreathin 
after (letter) 698 
stethescope 
breathing-circuit, circuit disconnectic 
(letter) 824 
stretcher-lifter device 
modified, for patient transfer during 
extracorporeal shock wave 
lithotripsy (letter) 699 
tourniquet 
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Bier block pressure (letter) 823 
end-tidal Pco, values and $71 
tubes, endotracheal 
comparison of special tubes for use 
with Nd-YAG laser $271 
tubes, stylet, 
problems with (letter) 422 
tubes, tracheal 
comparison of metallic tapes for 
protection from Nd-YAG laser S270 
ventilators 
valve, rupture, hypoventilation due to 
(letter) 546 
Errata 550 
Esmolal, see 

Heart | 

Sympathetic nervous system, 

_ pharmacology 
Esophagus, see Gastrointestinal tract 
Etomidate, see 

Anesthetics, intravenous 

Induction, anesthesia 
Evoked potentials, see 

Brain 

Monitoring 
Extradural, see Anesthetic techniques, 

epidural 
Famotidine, see 

Gastrointestinal tract, stomach 

Histamine 
Fentanyl, see 

Analgesics 

Anesthetics, intravenous 
Fibrodysplasia ossificaris, see 

Complications 
Fire, see 

Complications 

Electrical systems 

Equipment 
Fluid balance 

Saline 

direct cardiac effect of hypertonic $147 
Flumazenil, see Hypnotics, 
benzodiazepines 
Gases l 
non-anesthetic 
helium, endotracheal tube 
flammability and 5266 
nitrogen, denitrogenation 406 
bupivacaine effects on 353 
_, Gastrointestinal tract 
‘colon, motility 353 
' ` ésophagus 
- gastroesophageal sphincter, 
laparoscopy, increased 
intra-abdominal pressure effects 
during 63 
lower esophageal contractility in 
anesthetic depth management 5114 
stomach 


metoclopramide, as antiemetic agent 
798 
nasogastric intubation 
reverse Sellick maneuver {letter) 423 
pH and volume, famotidine effects on 
541 
Halothane, see Anesthetics, volatile 
Heart 
action potential 
halothane and enflurane effects on 219 
arrhythmias 
Wolff-Parkinson-White syndrome, 
anesthesia unmasking 172 
post-induction responses with S61 
blood flow 
myocardial, enflurane, isoflurane and 
dipyridamole effects on 286 
myocardial, isoflurane effect on 105, 
286 


myocardial, metabolism, in ischemia, 
isoflurane, halothane effects on 
(letter) 825 
sufentanil effects on 584 
calcium entry and beta adrenergic 
blocking drugs and postoperative 
myocardial infarction 5294 
cardiac arrest 
nimodipine, cerebrovascular effect 
(editorial) 431 
cardiac output 
isoflurane-induced hypotension 5155 
carotid sinus hypersensitivity . 
nifedipine-induced, cardiac arrest and 
402 
conduction velocity 
halothane and enflurane effects on 219 
congenital defects 
foramen ovale, transient right-to-left 
shunt through, arterial hypoxemia 
from 820 
tetralogy of Fallot, intraoperative 
hypoxemic spells in 815 
coronary artery disease 
alpha-1-adrenergic blockade, time 
course and hemodynamic effects 
571 
hemodynamic response to halothane 
and isoflurane in 752 
coronary venous graft resistance 
nifedipine effects on 462 
esmolol 
negative inotropic effects (letter) 72 
myocardial function 
aortic aneurysm resection and 5217 
diltiazem and (letter) 421 
esmolol and left ventricular function 
with isoflurane 593 
preload alteration and systolic 
pressure-volume relation $210 
protamine effects on 479 
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transesophageal echocardiography 
and S275 
TURP and $239 
myocardial infarction 
angioplasty for, general anesthesia 
during 201 
myocardial ischemia 
heart rate ahd $192 
isoflurane effects on (létter) 825 
isoflurane vs enflurane during CABG 
surgery S70 
myocardial oxygenation 
enflurane, isoflurane and 
dipyridamole effects on 286 
myocardial wall motion 
real-time evaluation df segmental 
abnormalities of $242 
oxygen consumption 
sufentanil effects on 584 
phonocardiography 385 
radionuclide angiography 
assessment of nitroglycerin effects on 
response to tracheal intubation 718 
transplantation 
nitroprusside vs isosorbide dinitrate in 
pulmonary hypertension 567 
Heparin, see 
Blood, anticoagulation 
Blood, coagulation 
Hepatotoxicity, see Liver 


famotidine ; 
gastric contents effects, on pH and 
volume, 541 
a new H2 receptor antagonist $72 
Historical notes 

Bollinger B, Maddox K: Avertin, and 
Amytal. Anesthesia and Analgesia: 
1931; 10:112-15 [540] 

Brown WC: Ethylene. Anesthesia and 
Analgesia: 1923; 2: 117 [405] 

Cassidy P; Cotton process ether. 
Anesthesia and Analgesia: 1922; 
1:10-12 [19] 

Greene MB, Kaufman J: Nerve block by 
three-dimensions x-ray localization 
method. Anesthesia and Analgesia: 
1932; 11: 241-51 [435] 

Henderson Y: Inhalation therapy. 
Anesthesia and Analgesia: 1931; 10: 
56-8 [814] 

Herb IC: Ethylene. Anesthesia and 
Analgesia: 1923; 2: 230 [405] 

Leake CD, Chen M-Y: Anesthetic 
properties of unsaturated ethers. 
Anesthesia and Analgesia: 1931; 10: 
1-3 [111] 

Luckhardt AB, Carter JB: Ethylene. 
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Anesthesia and Analgesia: 1923; 2: 221 
[405] 

Magill IW: Endotracheal anesthesia. 
Anesthesia and Analgesia: 1931; 10: 
164-8 [50] 

McKesson EI: Nitrous oxide anesthesia. 
Anesthesia and Analgesia: 1932; 11: 
54-9 [776] 

Rovenstine EA: Combining anesthetic 
and surgical records for statistical 
purposes. Anesthesia and Analgesia: 
1934; 13: 122-8 [185] 

Seymour E: American Association of 
Anesthetists. Anesthesia and 
Analgesia: 1932; 2: 168-72 [332] 

Thompson KW: Fatalities from spinal 
anesthesia. Anesthesia and Analgesia: 
1934; 13: 75-9 [613] 

Woodbridge PD: Neothesin for spinal 
and regional anesthesia. Anesthesia 
and Analgesia: 1936; 11: 177-82 [681] 

Hormones 

prostaglandins 

protamine neutralization of heparin 
and 25 

somatostatin 

neurotoxic and antinociception effects 
623 
thromboxane 
mediation of pulmonary 
hemodynamic responses after 
protamine neutralization of heparin 
25 
Hydromorphone, see Analgesics 
Hyperpyrexia, see Hyperthermia 
Hyperreflexia, autonomic, see 
Complications 
Hypertension, see 
Blood pressure 
Complications 
Hyperthermia 

differential diagnosis 
metrizamide and 795 

malignant 
in infant 688 
propofol use in 750 

postoperative 
osteogenesis imperfecta and 811 

Hypnotics 

benzodiazepines 

diazepam, interaction with nitrous 
oxide, in mouse staircase test 501 

diazepam, lorazepam compared to S6 

diazepam, sedation and hypoxic 
ventilatory response effects 473 

diazepam, sedative effects and 
recovery after midazolam and $214 

midazolam, absorption by the Sci-med 
membrane oxygenator S261 

midazolam, ambulatory surgery 
recovery and S163 


midazolam, cesarean section, 
comparison to thiopental 229, 234, 
238 
midazolam, factors which affect 
uptake 5238 
midazolam, flumazenil reversal of 
9235 
midazolam, lidocaine intravenous 
toxicity effects 744 
midazolam, premedication in pediatric 
surgery S148 
midazolam, sedative and recovery 
after diazepam and S214 
Hypoglycemia, see Metabolism 
Hypotension, see 
Anesthetic techniques, hypotensive 
Blood pressure 
Complications 
Sympathetic nervous system, 
pharmacology 
Hypothermia 
noninvasive gas monitoring in S15 
postoperative 
forced-air patient warming system for 
599 
prevention of S204 
Hypoxia 
postoperative 
postoperative arterial oxygen 
saturation 5284 
pulse oximetry and 5209 
Hysterectomy, see Surgery, gynecologic 
1-653, see Anesthetics, volatile 
Induction 
anesthesia 
cardiovascular neuroregulation effects 
344 
pre-oxygenation, denitrogenation 406 
venous oxygen saturations and S172 
Infarction, see 
Brain 
Heart, myocardium 
Infection 
herpes simplex 
epidural morphine and (letter) 418 
upper respiratory 
in children, general anesthesia in 
(letter) 414 
Interactions, drug 
enflurane and nitrous oxide 562 
enflurane and nitrous oxide (editorial) 
551 
ketamine and relaxants 5 
opioids, benzodiazepines 282 
Intercostal nerve block, see Anesthetic 
techniques, regional 
Interpleural anesthesia, see Anesthetic 
techniques, regional, interpleural 
Intravenous anesthesia, see Anesthetic 
techniques, intracenous 
Intravenous regional anesthesia, see 
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Anesthetic techniques, regional 
Intubation 
endobronchial 
fiberoptic evaluation of position of S54 
endotracheal 
atracurium, low dose, in children 609 
blood contamination in $142 
catecholamine release, magnesium 
sulfate effects on 772 
fiberoptic retrograde 517 
incidence and etiology of reintubation 
S186 
labetolol and 5268 
metabolic responses associated with 
112 
nasal, blind, facilitation, suction 
catheter for (letter) 701 
pediatric (letter) 423 
preoperative indices to anticipate 
difficult S187 
response to, nitroglycerin effect on 
718 
techniques, (letter) 826 
age effects on 603 
ventilation and flow-volume relations 
S305 
Ions 
calcium 
epinephrine in postoperative heart 
surgery S181 
myocardial function, 
post-cardiopulmonary bypass and 
S60 
pulmonary vascular resistance and 
right ventricular function S300 
volatile anesthetics and $153 
magnesium 
as an anesthetic (letter) 186 
intravenous, catecholamine release in 
tracheal intubation effects 772 
potassium 
effect of intravenous bolus therapy 
S309 
Ischemia, see Brain 
Isoflurane, see Anesthetics, volatile 
Jarvik, see Heart, artificial 
Ketamine, see 
Anesthetics, intravenous 
Neuromuscular relaxants 
Kidney 
antidiuretics 
desmopressin after cardiopulmonary 
bypass S41 
renal failure 
alfentanil pharmacokinetics in, in 
children 579 
Labetolol, see Sympathetic nervous 
system, pharmacology 
Labor, see Anesthesia, obstetric 
Laparoscopy, see Surgery, gynecologic 
Laryngoscopy, see 
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Anesthetic techniques 
Intubation, tracheal 
Larynx 
Laser, see Surgery, bronchoscopy 
Lidocaine, see Anesthetics, local 
Lithotripsy, see 
Anesthesia, urologic 
Surgery, urologic 
Liver 
cirrhosis 
isoflurane hepatotoxicity and 
metabolism in 214 
sufentanil pharmacokinetics in 1 
function 
oxygen deprivation and S207 
hepatic failure 
alfentanil pharmacokinetics in, in 
children 579 
transplantation 
efficacy of single oral cyclosporine 
dose before S36 
hyperdynamic circulatory state and 
blood use during 5234 
reperfusion hyperglycemia during 182 
right heart dysfunction, pulmonary 
embolism and paradoxical 
embolization during 777 
upper extremity neuropathy and $37 
veno-venous bypass, anesthetic 
management 489 
Local anesthetics, see Anesthetics, local 
Lung 
blood flow 
pulmonary hypertension, PCO, 
reduction in 792 
bronchi 
airway resistance, ketamine effects on 
506 
capillary permeability 
effect of opioid reversal on 5265 
deadspace 
calculation (letter) 421 
in children (letter) 546 
edema 
Hyskon administration and 686 
foreign body 
after open heart surgery 803 
hypoxic vasoconstriction S62 
almitrine bismesylate in S51 
phenobarbital and 5184 
injury 
pulmonary artery measurements 
during S82 
pulmonary artery 
perforation 555 
venous admixture $140 
pulmonary circulation 
dobutamine effects on 467 
pulmonary hypertension 
dobutamine effects on 467 
MAC, see Potency, anesthetic 


Magnesium, see Ions 
Malignant hyperthermia, see 
Hyperthermia 
Measurement techniques 
capnography 
in fat and marrow embolism, 
pulmonary artery pressure 
monitoring compared to 94 
carbon dioxide (letter) 698 
Doppler 
detection of cerebral circulatory arrest 
with 5308 
echocardiography 
right heart dysfunction, pulmonary 
embolism, and paradoxical 
embolization during liver 
transplantation assessment 777 
oximetry 
adhesive tape effects (letter) 701 
arrhythmias and 5312 
end-tidal gas analysis ane 5112 
in hyperbilirubinemia 806 
nail polish effects (letter) 546 
oxygen 
pulse oximetry and capnometry 574 
phonocardiography 385 
pulse oximetry 
adhesive tape effect on (letter) 701 
principles 368 
radionuclide angiography 
nitroglycerine effect on response to 
tracheal intubation assessment by 
718 
vascular resistance 
noninvasive recorded waveforms 
{Finapress) 5111 
Medetomidine, see Sympathetic nervous 
system, pharmacology 
Medicolegal 
informed consent 649 
Metabolism 
metabolic rate 
nutritional requirements 457 
oxygen consumption 
nasal intubation of trachea effects on 
112 
Metaraminol, see Sympathetic nervous 
system, pharmacology 
Methchexital, see 
Anesthetics, intravenous 
Induction, anesthesia 
Metoclopramide, see Gastrointestinal 
tract, stomach 
Metocurine, see Neuromuscular relaxants 
ronidazole, see Neuromuscular 
transmission 
Midazolam, see Hypnotics, 
benzodiazepines 
Mivacurium, see Neuromuscular relaxants 
Monitoring 


capnography 
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in fat and marrow embolism, 
pulmonary artery pressure 
monitoring compared to 94 
electroencephalography (EEG) 
during general anesthesia 177 
neuromuscular transmission 
train-of-four, edrophonium, 
neostigmine and 13 
pulse oximetry 
glossal (letter) 73 
spectral edge frequency (SEF) 
during general anesthesia 177 
Morphine, see Analgesics 
Nalbuphine, see Analgesics 
Naloxone, see Antagonists, narcotic 
Narcotics, see 
Analgesics 
Anesthetics, intravenous 
Nausea, see Vomiting 
Needles, see Equipment 
Neonates, see 
Anesthesia, obstetric 
Anesthesia, pediatric 
Neostigmine, see Antagonists, 
neuromuscular 
relaxants 
Nerve 
length exposed to local anesthetics 563 
Neurolept anesthesia, see 
Anesthetic techniques 
Anesthetics, intravenous 
Neuromuscular relaxants 
atracurium 
diaphragmatic recovery from $103 
edrophonium and neostigmine 
antagonism of 13 
effect of chronic anticonvulsant 
therapy on recovery from S198 
hepatocytes and $211 
low dose, intubation with, in children 
609 
masseter and adductor pollicis 
muscles in children and $245 
mechanical and electromyographic 
responses after § 21 
priming dose 127 
tetanic fade following 759 
d -tubocurarine 
tetanic fade following 759 
diadonium 
site and mechanisms. in rodents, 
species variations in 638 
doxacurium 
anesthesia and $174 
neuromuscular effects 254 
organ failure and S90 
ketamine 
potentiation 5 
metronidazole 
effects of S10 
mivacurium 
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cardiovascular effects of $53, S159 
children and prolonged infusion of 
5108 
comparison of succinylcholine, 
atracurium, and S47 
elderly and isoflurane with $18 
endotracheal intubation with $232 
hemodynamic effects, during 
oxygen-sufentanil anesthesia 333 
metabolism of 452 
pharmacology, in children 117 
plasma concentrations in children $38 
tracheal intubation and $253 
pancuronium 
neuromuscular blockade with 
doxacurium and 5160 
priming dose 127 
tetanic fade following 759 
pipecuronium 
clinical pharmacology 734 
dose-response relation and time 
course of action, nitrous oxide, 
isoflurane, halothane, droperidol 
and fentanyl and 208 
succinylcholine 
acutely ruptured cerebral aneurysms 
and 5180 
duration of action, cimetidine and 
ranitidine effects on 295 
in vitro metabolism of 452 
increased resting jaw tension in 
children and 5224 
masseter and adductor pollicis 
muscles in children and $223 
masseter muscle tone of strabismus 
patients and 5244 
train-of-four 
movement prediction in intracranial 
facial nerve stimulation $123 
vecuronium 
edrophonium and neostigmine 
antagonism of 13 
effect of priming dose on sufentanil 
induced rigidity $110 
myasthenia gravis and S80 
neuromuscular blockade during $130 
obese surgical patient and $191 
priming dose 127 
prolonged neuromuscular blockade 
induced by, in children 534 
requiriments, in pediatric patients, 
during fentanyl-N,O-O, anesthesia 
20 
tetanic fade following 759 
Neurophysiologic monitors, see Brain 
Neurosurgery, see 
Anesthesia 
Surgery 
Nifedipine, see 
Heart 
Pharmacology 


Nimodipine, see Heart 
Nitrogen, see Gases, non-anesthetic 
Nitroglycerin, see 
Anesthetic techniques, hypotensive 
Pharmacology 
Nitroprusside, see 
Anesthetic techniques, hypotensive 
Pharmacology 
Nitrous oxide, see Anesthetics, gases 
Obesity, see Complications 
Obstetrics, see Anesthesia, obstetric 
Ophthalmologist, see Surgery 
Ophthalmology, see Surgery, 
ophthalmologic 
Opioids, see 
Analgesics 
Spinal cord 
Orthopedics, see Surgery, orthopedic 
Osteogenesis imperfecta, see 
Complications 
Outpatient anesthesia, see Anesthesia, 
outpatient 
Oximetry, see 
Measurement techniques 
Oxygen, measurement 
Oxygen 
consumption 
delivery and $171 
nutrition and, 457 
delivery 
anesthesia and $173 
delivery system 
for post anesthesia pediatrics 539 
measurement 
oximetry, adhesive tape effects (letter) 
701 
oximetry, nail polish effects (letter) 
546 


pulse oximetry 368 
preoxygenation 
in obesity 520 
pulmonary uptake 
denitrogenation 406 
venous admixture $140 
Oxymorphone, see Analgesics 
Pain 
cancer 
post-thoracotomy, management, with 
interpleural bupivacaine 694 
experimental 
pentamorphone effects 302 
somatostatin effects 623 
implantable narcotic delivery systems 
377 
interpleural techniques 
etidocaine $228 
postoperative 5170 
anterior cruciate ligament repair, 
morphine effects on 350 
bupivacaine, ketobemidone, 


postoperative paralytic ileus and 353 
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cesarean delivery, epidural and 
intrathecal morphine effects on 66 
cesarean delivery, hydromorphone, 
postoperative analgesia 318 
epidural morphine and effect of age 
5199 
fentanyl, epidural, diluent volume 80 
hysterectomy, morphine effective dos 
for 537 
interpleural local anesthetic, Horner's 
syndrome associated with, 61 
morphine for, spinal (editorials) 707, 
710 
patient-controlled analgesia, 
morphineproglumide, duration 51 
sympathetic dystrophy 
management of 5136 
tourniquet 
Bier block pressure (letter) 823 
Pancreas 
transplantation 
glucose changes during $92 
Pancuronium, see Neuromuscular 
relaxants 
Parasympathetic nervous system 
glycopyrolate 
effects of 5304 
human placental barrier and S68 
pyridostigmine and $320 
scopolamine 
postoperative nausea reduction by 14 
Pediatrics, see Anesthesia, pediatric 
PEEP, see Ventilation, positive end 
expiratory pressure 
Pentamorphone, see Analgesics 
Peptides, see Polypeptides 
Peridural, see Anesthetic techniques, 
epidural 
pH, see 
Acid-base equilibrium 
Carbon dioxide 
Dissociation constant 
Gastrointestinal tract, stomach 
Pharmacodynamics 
local anesthetics 
PH effects on 593 
priming doses 
five minute waiting period for 
effective 5274 
priming principle 
effectiveness 127 
Pharmacokinetics 
alfentanil 
in children, effects of cholestatic 
hepatic disease and chronic renal 
failure on 579 
intravenous anesthesia 
tourniquet deflation techniques and 
633 
local anesthetics 
lidocaine, carbonated 90 
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midazolam 
placental transfer and elimination in 
neonates 238 
sufentanil 
in cirrhosis 1 
thiopental 
placental transfer and elimination in 
neonates 238 
Pharmacology 
calcium channel blockers 
nifedipine 261 
nifedipine, dexmedetomidine and $32 
nifedipine, halothane toxicity and 
S189 . 
nimodipine, cardiac arrest and 436 
nomodipine, cardiac arrest and 
(editorial) 431 
cimetidine, succinylcholine duration 
of action effects 295 
diltiazem (letter) 421 
nitroglycerin 
arterial oxygen content and 546 
response to tracheal intubation effect 
718 
nitroprusside 
cerebral blood flow 122 
ranitidine 
effect on succinylcholine duration of 
action 295 
famotidine vs $263 
Phenol, see 
Anesthetics, local 
Toxicity 
Phenylephrine, see Sympathetic nervous 
system, pharmacology 
Phonocardiography, see 
Heart 
Measurement techniques 
Physics 
solubility 
lipid, anesthetic potency and 599 
Pipecuronium, see Neuromuscular 
relaxants 
Polypeptides 
angiotensin H 
halothane and fentanyl effects on 40 
atrial natriuretic 
halothane and fentanyl effects on 40 
endorphins 
immunoactivity and hemodynamic 
performance, in preoperative 
cardiac surgical patients 77 
substance P 
chronic pain patients and 5220 
Potassium, see lons 
Potency 
anesthetic 
enflurane, nitrous oxide and 562 
enflurane, nitrous oxide and 
(editorial) 551 
halogenation and 5286 


b 


isoflurane, in Sandhill cranes 511 
MAC, halothane, aging effects on 359 
MAC, halothane, in pregnancy 46 
MAC, inhalation anesthetics, 
halogenation and 599 
nitrous oxide, enflurane and 562 
nitrous oxide, enflurane and 
(editorial) 551 
Pralidoxime, see Antagonists, 
neuromuscular 
Pregnancy 
halothane 
MAC in 46 
spinal enkephalins and analgesia during 
5286 
Preoxygenation, see Oxygen 
Pressoreceptors, see Receptors, baro 
Priming (dose), see Pharmacokinetics 
Proglumide, see Antagonists, 
neuromuscular 
Propanolol, see 
Heart 
Sympathetic nervous system, 
pharmacology 
Propofol, see Anesthetics, intravneous 
Protamine, see Blood, coagulation 
Protein 
binding 
sufentanil, cirrhosis and 1 
Pseudocholinesterase, see 
Biotransformation (drugs) 
Enzymes 
Genetic factors 
Psychologic responses 
cataract surgery 
neuroleptanalgesia and 614 
Publicatons 
anesthetic jargon, glossary 740 
Pulmonary, see Lung 
Pulse oximetry, see 
Hypoxia, postoperative 
Measurement techniques 
Pyrexia, see Hyperthermia 
Pyridostigmine, see Antagonists, 
neuromuscular relaxants 
Quadriplegia, see Complications 
Radionuclide, see Measurement 
techniques 
Ranitidine, see 
Gastrointestinal tract, stomach 
Histamine 
Pharmacology 
Receptors 
adrenergic 
alpha-,, bolus administration, time 
course and hemodynamic effects in 
myocardial disease 571 
beta,, heart response to 
norepinephrine, age effects on 603 
opioid 194 
Records 
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anesthesia 
computers 340 
Recovery 
propofol vs isoflurane in procedures 
longer than 90 minutes 5313 
Reflexes 
baroreceptor 
anesthetic induction agents effects on 
344 
Relaxants, see Neuromuscular relaxants 
Residents, see Education 
Respirator, see Equipment, ventilators 
Retrobulbar block, see 
Anesthesia, ophthalmologic 
Anesthetic techniques, regional 
Risk 
preoperative tests 
change in frequency $237 
Ropivacaine, see Anesthetics, local 
Saline, see 
Fluid balance 
Ions 
Sciatic nerve block, see Anesthetic 
techniques, regional 
Seizures, see 
Brain, convulsions 
Complications, convulsions 
Toxiaty, convulsions 
Serotinin (5-hydroxytryptamine) 
brain $185 
Sevofiurane, see Anesthetics, volatile 
Shivering, see complications 
Simulators, see Education 
Sleep 
effect of deprivation on psychomotor 
performance in anesthesia residents 
S164 
Soda lime, see Carbon dioxide, absorbant 
Solubility, see Physics 
Somatastatin, see Hormones 
Spinal anesthesia, see Anesthetic 
techniques, spinal 
Spinal cord 
blood flow 
epidural lidocaine effects 312 
cerebrospinal fluid 
pseudocholinesterase activity in, 486 
cervical injuries 
airway management in (letter) 415 
intrathecal baclofen and injury of S168 
neurotoxicity 
somatostatin 623 
opioid receptors 
antinociceptive role of $215 
nonadrenergic systems and 5216 
quadriplegia 
autonomic hyperreflexia in, epidural 
fentanyl control of 523 
Statistics 
computers for 340 
Stethescope, see Equipment 
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Stomach, see Gastrointestinal tract 
Subarachnoid block, see Anesthetic 
techniques, spinal 
Succinylcholine, see Neuromuscular 
relaxants 
Sufentanil, see 
Analgesics 
Anesthetics, intravenous 
Substance P, see Polypeptides 
Surgery 
abdominal 
hysterectomy, paralytic ileus 
following, bupivacaine reduction of 


cardiovascular 
coronary artery bypass grafting, 
sufentanil, sympathetic responses 
blockade by 584 
hospital admission of elderly after 
outpatient ophthalmologic 5144 
laparoscopy 
alfentanil vs isoflurane in outpatient 
5158 
lower esophageal sphincter, increased 
intra-abdominal pressure effects 
during 63 
laser 
fires, endotracheal tube 392 
neurologic 
cervical cord injuries, airway 
management (letter) 415 
ophthalmologic 
neuroleptanalgesia, cognitive 
impairment after 614 
orthopedic 
cervical cord injuries, airway 
management (letter) 415 
total hip replacement and blood 
requirements $257 
transplantation . 
liver, reperfusion hyperglycemia 
during 182 
liver, veno-venous bypass, anesthetic 
management 489 
urologic 
isotonic hyponatremia during 


transurethral prostate resection 5240 
lithotripsy, autonomic hyperreflexia in 


spinal cord injury during 788 
lithotripsy, Dornier HM3 system, 
influence on respiration 363 

lithotripsy, heart-synchronized 
ventilation during (letter) 823 
lithotripsy, patient transfer, modified 
stretcher-lifter device for (letter) 699 
Sympathetic block, see Anesthetic 
techniques, regional 
Sympathetic nervous system 
catecholamines l 
heart response to, laryngoscopy and 


tracheal intubation and, age effects 
on 603 
epinephrine 
total hip replacement and 5255 
norepinephrine 
heart response to, laryngoscopy and 
tracheal intubation and, age effects 
on 603 
pharmacology 
clonidine 191 
clonidine (editorial) 194 
clonidine, epidural opiate analgesia 
and 566 
clonidine, lidocaine-induced epidural 
anesthesia potentiated by 5298 
clonidine, morphine and 5113 
clonidine, open-label dose-ranging 
study of S79 
clonidine, perioperative use as an 
adjunctive agent $250 
clonidine, tetracaine spinal anesthesia 
and 619 
dobutamine 467 
epinephrine 308 
esmolol 101 
esmolol, controlled hypotension with 
$31 
esmolol, intubation response and 524 
esmolol, nitroprusside-induced 
hypotension and 577 
esmolol, supraventricular 
tachyarrhythmias and $293 


esmolol, tachycardia in intubation and 


$133 


esmolol, tachycardia-hypertension and 


$134 
labetolol, post-carotid 
endarterectomized patients and 
6157 
labetolol, shunt fraction during 
hypotension with nitroprusside arid 
S291 
labetolol, vs nitroprusside for 
hypotensive anesthesia 548 
medetomidine, alfentanil-induced 
muscle rigidity in the rat and 5302 
metaraminol (letter) 545 
phenylephrine 571 
propranolol, inhibition of plasma 
pseudocholinesterase with 5143 
vasoconstrictors 308 
Temperature 
shivering 
sufentanil effects on 530 
Tetracaine, see Anesthetics, local 
Tetralogy of Fallot, see Heart, congenital 
defects 
Theories of anesthetic action 
analgesics and anesthetics 
mediation by different mechanisms 
(letter) 186 
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lipid 
solubility 599 
Thiopental, see Anesthetics, intravenous 
Thromboxane, see Hormones, 
prostaglandins 
Tourniquet, see 
Equipment 
Pain 
Toxicity 
liver 
isoflurane, 214 
local anesthetics 
lidocaine, midazolam effect on 744 
Trachea, see Lung 
Train óf four, see 
Measurement techniques 
Neuromuscular relaxants 
Transfusion 
appropriateness of intraoperative $278 
autotransfusion 
cell saver vs hemofilter in cardiac 
surgery 5118 
high risk patients and autologous 
donations 5272 
hyperkalemia 
massive blood transfusion in pediatric 
craniofacial surgery and $40 
Transplantation, see Individual organ 
Tubes, see Equipment, endotracheal tube 
Tubocurarine, see Neuromuscular 
relaxants, d-tubocurarine 
Urology, see 
Anesthesia, urologic 
Surgery 
Uterus 
oxytocin ergonivine vs $127 
Valves, see Equipment 
Vecuronium, see Neuromuscular relaxant 
Veins 
cannulation 
central localization with a transduced 
needle 5289 
limited access (letter) 419 
jugular . l 
cannulation, ultrasound imaging in 
(letter) 700 
Ventilation 
determination of arterial-end tidal 
CO, gradients $241 
vascular effects 150 
deadspace 
calculation (letter) 421 
measurement, using Siemens-Elema 
930 CO, Analyzer, errors in (letter) 
698 
endobrachial . 
in thoracic incisional injury (letter) 70 
heart-synchronized 
during extracorporeal shock wave 
lithotripsy (letter) 823 
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management 

in thoracic incisional injury (letter) 702 
one-lung 

oxygenation maintenance during 763 
positive end-expiratory pressure 5269 
preoxygenation 

in obesity 520 
work 


assist control ventilation vs breathing 

during pressure support $10 
Vomiting 
anitemetics 

droperidol, for prevention of nausea 
S25 

droperidol, for outpatient anesthesia 
798 
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dimenhydrinate, for prevention of 
nausea $25 
nausea 
postoperative, scopolamine reduction 
of 145 
postoperative 
reduction of $311 


Xanthine oxidase, see Enzymes 
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Classified Advertising 


ORAL EXAM STUDY COURSE 

Answer board style questions with consult- 
ant style answers from peer review litera- 
ture. All major topic areas covered. Your 
questions answered and referenced. You 
will never be intimidated because you will 
be organized and know how to answer. 
Call (714) 538-6035. 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs & CRNAs, 
ready to serve you, up-to-date skills, coop- 
erative, licensed, insured professionals car- 
ing about you. Call 1-800-762-1258, 3268 
Bell Mountain, Colorado Springs, CO 
80918. 


FREELANCE ANESTHETISTS 

Temporary and permanent—Medical Anes- 
thesiologists—-CRNAs/Home-based through- 
out the United States. If you need an an- 
esthetist, All-States Medical Placement 
Agency, Box 91, LaSalle, MI 48145, or 
(313)241-1454 (MI). 


ROCKY MOUNTAINS/SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, PO Box 8719, Santa Fe, NM 87502. 
(505) 983-7371. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs by M. Jack Frumin, MD. Unique 
approach to development of test-taking 
skills, including mock orals. Basic science 
emphasis. Call 415-321-1117. 


PASS YOUR ORAL BOARDS 

Learn how! Reorganize and clarify your 
knowledge for unique questions and nec- 
essary answers. Best preparation by mail 
for oral format. Anesthesia Tutorials; 10701 
Wilshire Blvd., #2205, Los Angeles, CA 
90024. 


BEAT THE ORAL BOARDS 
Select The Best. Best course at the best 
price. Includes mental training techniques 


for Peak Performance. Multiple Exam with 
personalized attention. Reply Best Exam 
Prep., Anesthesia Dept., 5400 Gibson SE, 
Albuquerque, NM 87108, (505) 262-7197. 


BE PREPARED 

for your oral boards. Let three Board-cer- 
tified academic anesthesiologists instruct 
you through personalized practice exams. 
Individual and group critiques are pro- 
vided during this intensive weekend 
course, held in Ann Arbor, MI and Or- 
lando, FL. Approved for Cat. I CME cred- 
its. Class size limited. Past participants can 
verify success. Inquire to: ACE Oral 
Boards, Inc., 2988 Robal Court, Saline, MI 
48176, or call 313-429-4384 or 407-352-9138. 


WANT TO PASS THE ORAL BOARDS?? 
WANT TO PASS THE WRITTEN BOARDS?? 
Learn how to take the oral and written 
boards through the use of mock exams and 
individualized critiques. In this weekend 
course you will learn skills in organization, 
analysis, and flexibility necessary to excel 


‘in the review. Scores of anesthesiologists 


will attest to the. success of this review 
course. For references and information, 
send name, address and telephone number 
to Box KK42, Anesthesia and Analgesia, Desk 
Editorial, Elsevier Science Publishing Co., 
655 6th Ave., New York, NY 10010 or call 
718-727-9690. 


WEEKEND OF PRACTICE ORAL EXAMS 
Practice exams, not lectures. We are the 
original course in this format. 20 hours Cat. 
I CME credit, two board-certified instruc- 
tors, 12 students max. Detroit, MI, August 
11-13; and November 17-19; San Diego, 
CA, December 8-10. Anesthesia Exam Re- 
view, 2656 Gunckel Blvd. Toledo, OH 
43606. (419) 475-9641. 


ANESTHESIOLOGIST 

Private practice opportunity in desirable 
New England state. Medium size commu- 
nity hospital. Position available immedi- 
ately. For details contact P.O. Box VV76, 
Anesthesia and Analgesia, Desk Editorial, 
Elsevier Science Publishing Co., 655 6th 
Ave., New York, NY 10010. Salary for 2 
years and equal partnership. 


1-800-FAST GAS 
The number that hundreds of hospitals 


nationwide have called for permanent and 
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temporary anesthesia services. The numt 
that thousands of anesthesia profession: 
have called to secure permanent and te: 
porary positions nationwide. Bay Area A 
esthesia, Inc. 1-800-327-8427 for years 
professional anesthesia service. 


SUBARBAN NEW ORLEANS 

BC/BE anesthesjologist & 2 full-time C 
NAs to join Board Certified MD & 3 C 
NAs. New hospital with modern equi 
ment. Some OB. 160 cases per mont 
Recent graduates preferred. Anesthesio. 
gist will earn six figure salary, benefits, a1 
3 months vacation. For CRNAs competiti 
salary, benefits & vacation package. Exc 
lent schools, food, lifestyle & 2 golf cours 
in town. Downtown 30 mins. away. Rep 
in confidence with complete CV, referenc 
to: M. Wadhwa, M.D., Post Box 1450, L 
Place, LA 70069 or call (504) 652-9000 
652-7404 (eve.). 


MINNESOTA 

Anesthesiologist BC/BE needed to join tv 
anesthesiologists in 50-MD multispecial 
group, working with four CRNAs in qu 
ity community hospital care team settir 
No cardiac or neuro. Competitive sala 
and benefits; excellent family lifestyle. F 
ply to G.L. Oftedahl, MD, Medical Dire 
tor, Olmsted Medical Group, 210 S.E. 9 
Street, Rochester, MN 55904, or call (5( 
288-3443. 


UPPER MIDWEST 
Excellent opportunity for BC Anesthesiol 
gist: Join a two member group at an attra: 
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ive wage, with early partnership. No OH or 
Neuro, 162 bed hospital serving an area 
population of 77,000. Send CV to Anesthe- 
sia Assoc., 422 S.E. 5th Ave., Aberdeen, SD 
57401. 


ANESTHESIOLOGY RESIDENCY POSITIONS 
Electronic Bulletin Board listing available 
residency positions at all 3 clinical years in 
Anesthesiology. Use telecommunication 
software on a computer (300 or 1200 baud, 
8 data bits, 1 stop bit, no parity) to call 
716-473-4246 and follow the menus. This is 
a service provided by the Association of 
Anesthesiology Program Directors and the 
Department of Anesthesiology at the Uni- 
versity of Rochester, Rochester, NY. 


COLUMBIA, MISSOURI 

Anesthesiologists needed at assistant, asso- 
ciate, and professor levels. Must be Board- 
certified or Board-eligible. Duties include 
patient care, resident and medical student 
teaching and research. Positions available 
at the University of Missouri-Columbia 
Health Sciences Center. Interested appli- 
cants send Curriculum Vitae to: G.W.N. 
Eggers, Jr., M.D., Professor and Chairman, 
Department of Anesthesiology, University 
of Missouri Health Sciences Center, Co- 
lumbia, MO 65212. - 


ARKANSAS, LITTLE R 

Group of 6 MDs and 7 "CRNAs looking for 1 
or 2 BC/BE Anesthesiologists. All types of 
anesthesia with some CRNA supervision. 
341-bed hospital. Well-established group 
with equally shared call, vacation, and ben- 
efits. Abundant recreational activities in 
area. Send CV to: Garry Jones, MD. Capitol 
Anesthesia Group, St. 720, 500 5. Univer- 
sity, Little Rock, AR 72205. 


BC/BE ANESTHESIOLOGISTS 

Immediate openings to join incorporated 
group in 200-bed hospital with modern 
equipment; minimal thoracic, neuro, and 
trauma. Competitive salary and good 
fringe benefits. No state and sales tax. One 
hour from Boston, lakes, seashore and ski 
resorts. Send C.V. to: Prospect Anesthesia 
Services, P.C., 10 Prospect St., Nashua, 
-NH 03060. 


S.E. FLORIDA 

Anesthesiologist, salaried position, mini- 
mum night weekend call. S.E. Florida loca- 
tion, reply to Box A02, Anesthesia and Anal- 
gesia, Desk Editorjal, Elsevier Science 
Publishing Co., 655 6th Ave., New York, 
NY 10010. 


CHAIRMAN—DEPARTMENT OF 
ANESTHESIOLOGY 

The Dartmouth-Hitchcock Medical Center 
has established a new Department of An- 
esthesiology and is searching for a board- 
certified academic anesthesiologist to serve 
as Chairman of the Department and Vice 
President (for anesthesiology) of the Cen- 
ter. Responsibilities will include planning, 
development, and implementation of the 
research, teaching, and clinical missions of 
the Center. Collaborative planning and in- 
tegration with academic departments 
within the Center as well as regional plan- 
ning in Northern New England is expected. 
Please send CV and/or inquiries to: Peter 
M. Silberfarb, MD, Chair, Anesthesiology 
Chairman Search Committee, Dartmouth 
Medical School, Hanover, NH 03756. An 
equal opportunity/affirmative action em- 
ployer. 


CENTRAL FLORIDA 

Anesthesia group in central Florida with 
multiple positions to fill in two hospitals. 
Group provides full service anesthesia, in- 
cluding (OB,OH,pain). Applicant must be 
BC/BE, stable, and a compatible individual 
who understands the importance of team 
work. Previous practice experience is desir- 
able but not essential. Please reply to G.S. 
Avidon, MD, 1111 Lucerne Terrace, Or- 
lando, FL 32806. 


RHODE ISLAND 

Two anesthesiologists needed to fill avail- 
able positions immediately. Excellent sal- 
ary, pension plan, health, malpractice, dis- 
ability insurance. Diverse caseload. Nurse 
Anesthetist School. Reply to Associates in 
Anesthesia, Inc., 200 High Service Avenue, 
N. Providence, RI 02904. For call back tel. 
(401) 456-3139. 


SAGINAW, MI 

Anesthesiologist to join group consisting of 
5 anesthesiologists and 3 CRNAs. Must be 
board-eligible or board-certified. Estab- 
lished PC with many fringe benefits in 
effect. Send CV to: Associated Anesthesiol- 
ogists of Saginaw, PC, 3121 Davenport, 
Saginaw, MI 48602 or call (517) 791-2150. 


ANESTHESIOLOGIST 

Young board-certified/board-eligible, to 
join a four member incorporated group 
with CRNAs. 420-bed community hospital 
with 7000 cases per year in Western Penn- 
sylvania, close to large metropolitan areas. 
Excellent schools, recreational facilities, 
friendly community. All types of anesthe- 
sia with minimal OB. Early partnership. 
Reply to: Box A04, Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Co., 655 6th Ave., New York, NY 10010. 


NEBRASKA 

The University of Nebraska Medical Cen- 
ter, Department of Anesthesiology has 
three full-time positions available. We are 
offering an opportunity to provide a high 
quality of medical care, teach medical stu- 
dents and residents, and develop scholarly 
pursuits in a very progressive environ- 
ment. We offer a very competitive academic 
salary with an incentive plan plus excellent 
benefits. Start-up funding for academic 
projects is available A specialized year of 
training or equivalent experience is desir- 
able. Candidates must be eligible for Ne- 
braska medical licensure. Please send cur- 
riculum vitae and two letters of reference 
to: Dennis F. Landers, MD, PhD, Chair- 
man, Department of Anesthesiology, 42nd 
& Dewey Avenue, Omaha, NE 68105. The 
University of Nebraska Medical Center is 
an AA/EE employer. 


OBSTETRIC ANESTHESIA DIGEST 

If obstetric anesthesia forms part of your 
practice, the Obstetric Anesthesia Digest 
should be part of your required reading. 
Published quarterly, the OAD presents ab- 
stracted articles from the world literature 
together with informed comment from an 
international board of experts in obstetric 
anesthesia, perinatology and neonatology. 
Edited by Gertie F. Marx and Gerard M, | 
Bassell, OAD will begin its ninth year 
publication in April 1989. Cost is US$60 per 
year. Subscription payments should be 
sent to: OAD, Inc., P.O. Box 20057, Wich- 
ita, KS 67208-1057. 


NEW YORK 

CA 3 or 4, Fellowship positions at Memo- 
rial Sloan-Kettering Cancer Center begin- 
ning July 1990. Straight clinical and clini- 
cian-investigator opportunities available in: 
critical care medicine, pain management, 
and anesthesia for thoracic, neuro, and 
head and neck surgery. Send CV and sum- 
mary of career goals to Robert F. Bedford, 
MD, Chairman, Department of Anesthesi- 
ology and Critical Care Medicine, Memorial 
Sloan-Kettering Cancer Center, 1275 York 
Avenue, New York, NY 10021. 


NEW YORK: ANESTHESIOLOGIST/ 
INTENSIVIST 

BC/BE, with critical care fellowship train- 
ing, sought for faculty/staff position in An- 
esthesia Service and Surgical Intensive 
Care Unit. Duties would be divided among 
clinical care and residency training/teach- 
ing in the OR and ICU at the VA Medical 
Center, Bronx, NY. Modern 600-bed hospi- 
tal with 10-bed ICU. Major affiliate of 
Mount Sinai Medical Center. Abundant op- 
portunities for research. Position available 
July 1, 1989. Salary competitive and nego- 
tiable, based on candidate’s qualifications 
and experience. Please contact David Rich- 
lin, MD, Chief, Anesthesia Service, or Neil 


Halpern, MD, Director, Surgical Critical 
Care, VA Medical Center, 130 West Kings- 
bridge Road, Bronx, NY 10468. (212)584- 
9000 ext. 1785. 


PENNSYLVANIA 

Modern, progressive community hospital 
located in pleasant, western Pennsylvania 
setting. Fifty miles north of Pittsburgh. 2 
MDs, 8 CRNAs for our 230-bed acute care 
facility. No open heart or neuro. Excellent 
compensation with opportunity to join MD 
corporation after one year. Send CV and 
reference to: Dr. S. Daftary, Jameson Me- 
morial Hospital, 1211 Wilmington Ave., 
New Castle, PA 16105. 


MASSACHUSETTS 
Board-certified/board-eligible anesthesiolo- 
gist needed as second MD for 90-bed com- 
munity hospital located on seashore close 
to Cape Cod, MA. Practice includes most 
surgical subspecialties, as well as an epid- 
ural service for a small but rapidly growing 
obstetrical department. No neuro, open 
heart or major vascular procedures. Efforts 
are underway to reduce overall call com- 
mitment to every third weekend. Coopera- 
tive surgical staff who appreciate and re- 
spect anesthesia services with many other 
recreational amenities. Just one hour from 
the cultural opportunities of Boston. For 
further information, contact Dr. Joseph 
Egan, Chief of Anesthesiology, Tobey Hos- 
pital, Wareham, MA. (508)295-0880, ext. 
203. 





RHODE ISLAND AND GEORGIA 
Anesthesia Associates, Inc. We are a na- 
tional group of anesthesiologists. We cur- 
rently have two immediate openings for 
BE/BC anesthesiologists in the states of 
Rhode Island and Georgia. We offer excel- 
lent compensation and a generous benefit 
package. If you are interested in the career 
growth potential and financial security we 
have to offer, please forward CV to Anes- 
thesia Associates, Inc., 2218 Calibre at Le- 
nox, NE, Atlanta, GA 30324. 





FLORIDA 

Anesthesiologist BC/BE to join MD in pri- 
vate practice in charming, small, university 
town in central Florida. Location conve- 
nient to ocean and major tourist attractions. 
Send CV to Box A06, Anesthesia and Analge- 
sia, Desk Editorial, Elsevier Science Pub- 
lishing Co., 655 6th Ave., New York, NY 
10010. 





DIRECTOR OF PEDIATRIC CRITICAL CARE 
MEDICINE 

The Departments of Anesthesiology and 
Maternal and Child Health (Pediatrics) of 
the Dartmouth-Hitchcock Medical Center, 


Hanover, New Hampshire are seeking a 
board-qualified or certified pediatric anes- 
thesiologist/intensivist as director of the 
new Pediatric Intensive Care Unit. Ideally 
the successful candidate will have com- 
pleted pediatric, anesthesiology and pedi- 
atric care training with board certification. 
Other applicants with combinations of 
training and/or experience in anesthesiol- 
ogy, pediatric anesthesiology and pediatric 
crticial care would be strong candidates. It 
is expected that as director this individual 
will spend at least 50% of his/her time in 
pediatric critical care practice. The remain- 
ing 50% of time will be spent in pediatric 
anesthesiology/general anesthesiology, re- 
search and teaching. The desire and ability 
to participate fully in the Anesthesiology 
and Pediatric Residency Training Programs 
is essential. Academic appointment will be 
commensurate with experience and qualifi- 
cations. The Dartmouth-Hitchcock Medical 
Center is committed to Affirmative Action 
and is especially interested in identifying 
qualified female or minority candidates. 
Inquiries and resumes should be directed 
to the Chair of the Search Committee: Allen 
J. Hinkle, MD, Department of Anesthesiol- 
ogy, Dartmouth-Hitchcock Medical Center, 
Hanover, NH 03756, (603)646-5922. An 
equal opportunity/Affirmative Action Em- 
ployer 





UNIVERSITY OF CALIFORNIA 

Department of Anesthesiology, University 
of California, San Diego, is recruiting for 
four faculty positions at all ranks. One 
position is the Director of the UCSD Pain 
Management Program. Applicants for this 
position must have experience in all aspects 
of inpatient and outpatient pain manage- 
ment and have extensive experience in 
pain research and treatment. Applicants 
must demonstrate motivation to expand a 
pain management center and be able to 
direct a clinical pain research program in- 
volving protocol driven human studies. 
The three other positions require experi- 
ence in teaching and clinical training, pa- 
tient care, and research interest or experi- 
ence is preferred. One position requires 
demonstrated experience in critical care. 
One position requires subspecialty train- 
ing and experience in obstetric anesthesia. 
One of the four positions may be tenured 
track. Otherwise the positions are non- 
tenured track. Rank and salary commensu- 
rate with experience and based on the 
UCSD School of Medicine Faculty Com- 
pensation Plan. Must be board-certified 
and board-eligible in Anesthesiology and 
a California Medical License is required. 
Possession of a certificate of special quali- 
fications in Critical Care Medicine or eligi- 
bility to take the qualifying exam is re- 
quired for the critical care position. Please 
send letter, curriculum vitae and names/ 
addresses of three references to Harvey 
M. Shapiro, MD, Department of Anesthe- 
siology, H-770, University of California, 
San Diego Medical Center, 225 Dickinson 
Street, San Diego, CA 92103. The Univer- 
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sity of California, San Diego is an equal 
opportunity/AA employer. All applications 
received by August 31, 1989 will receive 
thorough consideration. 





MAYO FOUNDATION 

Division of Anesthesiology Research offers 
a research training program for 1-3 years to 
anesthesia residents or board-qualified an- 
esthesiologists. Choose from seven NIH- 
funded anesthesia research programs; cli- 
nicial duties are optional. Applicants must 
be U.S. citizens or residents. Kai Rehder, 
MD, Director of NIH Research Training 
Program in Anesthesiology, Mayo Clinic, 
Rochester, MN 55905. Telephone (507)285- 
4288. An equal opportunity/affirmative ac- 
tion employer. 








CALIFORNIA 

From time to time faculty positions become 
available in the UCLA Department of An- 
esthesiology. Candidates are required to 
show evidence or promise of research pro- 
ductivity and scholarly writing. Other req- 
uisites include: clinical and teaching skills; 
commitment to discovery; eligibility for a 
California Medical License; ABA certifica- 
tion or in process. Address correspondence 
with 5 references and curriculum vitae to: 
Stuart F. Sullivan, MD, Department of An- 
esthesiology Recruitment, UCLA School of 
Medicine, Los Angeles, CA 90024-1778. 
UCLA is an Affirmative Action, Equal Op- 
portunity Employer. 








CALIFORNIA 

Los Angeles County Harbor-UCLA Medi- 
cal Center, Department of Anesthesiology. 
Unexpected opening in faculty position at 
the rank of Asst. Professor. Desire recent 
graduate of anesthesiology fellowship with 
research training. Board eligible or certi- 
fied. Active clinical services, research, and 
independent residency program in the de- 
partment. Excellent southern Los Angeles 
location. Ample academic career opportu- 
nities with joint UCLA and L.A. county 
appointments. Competitive compensation. 
Send statement, C.V. and list of references 
to: Chingmuh Lee, M.D., Prof. & Chair, 
Dept. of Anesthesiology, Harbor-UCLA 
Medical Center, 1000 W. Carson Street, 
Torrance, CA 90509. Equal Opportunity 
Employer. 





FLORIDA 

Anesthesiology CA3—Fellowship Posi- 
tions: The University of South Florida has 
postions available at the CA3 and Fellow- 
ship years starting July ‘89 or January ’90. 
Advanced clinical training and research op- 
portunities are available in Cardiac Anes- 
thesia, for either 6 or 12 months, and Crit- 
ical Care Medicine for 12 months. Send 
C.V. and letter of interest to: John B. 
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Jowns, M.D.—Chairman, Department of 
\nesthesiology, Univeristy of South Flor- 
da, MDC Box 59, 12901 Bruce B. Downs 
3lvd.—Tampa, FL 33612-4799. (813) 251- 
7435 


-OCUM TENENS 

Anesthesiologist, M.D. wanted. Guaran- 
eed up to 30 weeks per year. Top com- 
sensation. Travel and lodging provided. 
-ocation - Sunbelt. Reply to: SW MS Anes- 
thesia, P.O. Box 904, Natchez, MS 39122 


WEST VIRGINIA 

WVU Health Sciences Center is recruiting 
‘or faculty positions within the Department 
of Anesthesiology. Our Department cur- 
rently has 13 full time and 2 part time 
Anesthesiologists. The Department spon- 
sors an approved residency training pro- 
gram which has 24 residents at the CA-1 
through CA-3 years. Requirements for en- 
try as Assistant Professor include: comple- 
tion of CA III or fellowship year, with 
Board Certification preferred. Interest in 
Anesthesia for Pediatrics, Obstetrics, Neu- 
rosurgery, Pain Management, or Research, 
is desirable. Responsibilities include clinical 
anesthesia as well as resident and medical 
student education and supervision. West 
Virginia University is located in Morgan- 
town, West Virginia, approximately 75 
miles south of Pittsburgh, Pennsylvania, 
on major interstate highways. The Area, 
which provides abundant recreation for all 


seasons, is situated in the scenic Allegheny 
Highlands region of the state. Clincial serv- 
ices are provided at the new Ruby Memo- 
rial Hospital, a state-of-the-art tertiary care 
center which opened in July of 1988. Our 
new Ambulatory Care Center is presently 
under construction. Ruby Memorial houses 
the Childrens Hospital and the Jon Michael 
Moore Trauma Center. Adjoining Ruby 
Memorial and Health Sciences are Chest- 
nut Ridge Psychiatric Hospital and, pres- 
ently under construction, the Mary Babb 
Randolph Cancer Center. West Virginia 
University is an Equal Opportunity/Affir- 
mative Action Institution. Interested Anes- 
thesiologists should send a CV and three 
letters of reference to: Richard W. Eller, 
MD, Professor and Chairman, Department 
of Anesthesiology, WVU Health Sciences 
Center, Morgantown, WV 26506. For addi- 
tional information you may reach Doctor 
Eller at (304) 293-5411. 


16TH ANNUAL VAIL CONFERENCE IN ANES- 
THESIOLOGY, 

Marriott’s Mark Resort, Vail, Colorado - 
February 3-10, 1990. Sponsored by: Univer- 
sity of Miami School of Medicine/Depart- 
ment of Anesthesiology. For more informa- 
tion contact: Professional Seminars, P.O. 
Box 012318, Miami, FL 33101. Telephone: 
(305) 547-6411. 


15TH ANNUAL VAIL SYMPOSIUM IN INTEN- 
SIVE CARE, 

Marriott’s Mark Resort, Vail, Colorado - 
February 10-17, 1990. Sponsored by: Uni- 


versity of Miami School of Medicine/De- 
partment of Anesthesiology. For more in- 
formation contact: Professional Seminars, 
P.O. Box 012318, Miami, FL 33101. Tele- 
phone: (305) 547-6411. 


ANESTHESIOLOGIST - PHILADELPHIA 

Full time position available for Associate 
Attending Anesthesiologist. Salary very 
competitive, excellent benefit package and 
paid malpractice. For more information call 
the Director of Anesthesiology 215- 
787-9184, or send CV to Director of Anes- 
thesiology, St. Joseph’s Hospital 16th St. 
and Girard Ave., Philadephia, PA. 19130. 


ANESTHESIOLOGIST 

Chief of Section, Board Certified or eligible, 
needed for progressive expanding Univer- 
sity-affiliated VA Teaching opportunity 
with East Tennessee State University, ap- 
pointment available. Research facilities ad- 
jacent to new medical center. Outstanding 
city in the best of the Appalachian Moun- 
tains with pleasant climate and superb rec- 
reation. Excellent benefits, salary commen- 
surate with qualifications. Malpractice 
insurance provided. Opportunity for pro- 
fessional growth. Contact David Walters, 
MD, Chief of Surgery, VAMC, Mountain 
Home, TN 37684 (615-926-1171, ext 7353) 
Equal Opportunity Employer. 





ELIMINATE 
THE TRAGEDY 
OF UNDETECTED 
ESOPHAGEAL 
INTUBATION 
FOREVER 


A rapid color change 
indicates the Endotracheal 
tube is in the trachea. 
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FEF” END-TIDAL CO, Detector 


Small, simple, disposable 
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For more information, 


call our toll free number: ASN S 
1-800-541-5799 AIRWAY MANAGEMENT SYSTEMS 
U.S. Patent No: 4,728,499. Other U.S. & foreign patents pending Fenem, Inc., 84 William St. N. Y N.Y. 10038 
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Soon...the emergence 
of anew era 
` In anesthesiology 


For nearly five decades, Stuart Pharmaceuticals has been an innovative 
force in professional health care—with significant contributions to the 
fields of cardiology, oncology, infectious disease, and gastroenterology. 
And now, Stuart Pharmaceuticals innovation continues into the 
demanding field of anesthesiology. 

The challenges of today’s surgery call for a new era in anesthesiology. 
Soon, with an.important introduction from Stuart Pharmaceuticals, 
that new era will be here. 








STUART PHARMACEUTICALS 
r ! Division of ICI Americas Inc 
© 1988 ICI Americas Inc Wilmington. Delaware 19897 











